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The AUTHOR's 


PREFACE. 


\HE great . of the 
Public to what ſhall be de- 

cided in the Queſtion concerning the 
Figure of the Earth, has not permit- 
ted me to delay printing this Trea- 
tiſe till it ſhould appear in the courſe 
of our annual Memoirs. As I in- 
tend to place the Whole of our Ope- 
ration in the cleareſt Light that's 
poſſible, that every one may judge 
of its Accuracy, I have ſet down 
the Obſervations themſelves, juſt as 
they ſtood in the Regiſters of MefT*, 


Clairaut, Camus, le Monnier, Ou- 


| thier, 


* A > = * 
* mY «ak 
> — 
. — — 


grees; with the Mean of their Ob- J * 


thier, and my own, which all agreed 


with each other; without making 


the Correction. aku in Works ß 


this nature. Whoſe Authors, ſup- -' | 
preflir ing their Obſervations, have 
thought it ſufficient to give the Tri- 
angles corrected, and their Angles 
reduced to the juſt Sum of 180 De- 


ſervations of the Amplitude of the 
Arc they meaſured. But the Me- | t 
thod 1 have uſed will, I conceive, be 
the moſt ſatisfying to my Readers; 
as it enables them, from the Apree- 
ment or Differences of the Obſerva- 
tions, to ſee how far they reach or 
fall ſhort of the Accuracy required. 
They may too, if they pleaſe, make 
Calculations of their own 1n a diffe- 
rent Manner, and compare the Re- 
ſult with ours. | 


HERE 
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HERE it may not be improper 
to ſay ſomething of the Uſefulneſs of 
this Undertaking ; which includes 
likewiſe the Voyage to Peru, begun 
before ours, and not yet finiſhed. 


IT is well known of what diffe- 
rent Opinions the Learned have been 
theſe 50 Years paſt, with relation to 
the Figure of the Earth ; ſome hold- 
ing it to be that of a Spheroid flatted 
towards the Poles ; others that it is 
a Spheroid prominent in that Direc- 
tion. This Queſtion, for its Curioſi- 
ty only, might well merit the Con- 
ſideration of Philoſophers and Ma- 
thematicians: But the Advantages 
ariſing from the Diſcovery of the 
Earth's true Figure, go beyond mere 
Speculation ; they are real, and of 
very great Importance. 


B 2 WERE 


FRE FA C E. 


WE RE the Poſition of Places 
with reſpect to Longitude and Lati- 
tude ever ſo exactly marked on our 
Globes and Charts, it would ſignify lit- 
tile to the finding their true Diſtances, 

while we were ignorant of the length 


of the Degrees of the Meridian and 


of the Parallels to the Equator. And 
+ if the diſtances of Places are not very 
well known, to what dangers muſt 


the Ships be expoſed that are bound 


for them! 


WHILE the Earth paſs'd for per- 
fectly Spherical, it was enough to 
find the exact Length of any one | 
| this would 
4 give all the reſt : And the Degrees | 


Degree of a Meridian ; 


of the Parallels might be deduced by 
an caſy Computation. 


making Attempts this way. 


Princes and 
Philoſophers had in all Ages been 
But the 

Mea- 
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| Meaſures of the Ancients were ſo in- 


conſiſtent with one another, as to 
differ ſometimes by more than one 
half. And if to this we add the 
Uncertainty we are in as to the ex- 
act Length of their S:zadiaand Miles, 
we ſhall find that what they have 
left us upon this Subject is very little 
to be depended upon. In later 
times, Surveys were made, free in- 
deed of the Inconvenience laſt men- 
tioned, , but which ſerved to almoſt 
as little purpoſe as. thoſe of the An- 
cients. Fernel, Snellius and Riccioli 
have ſeverally given us the Length 
of a Degree of the Meridian ; but 


when you compare them with each 
1 other, you will find Differences that 
1 riſe to 8000 Toiſes Paris Meaſure ; 
that is, to about the ſeventh part of 
a Degree. And tho Fernel hap- 
pened to come neareſt the Truth, as 


B 3 this 
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this could not be known, nor even 


preſu med from the Method in which 


he went to work, his Meaſure was as 
uſeleſß as the reſt. 


WE ny" not 3 omit men- 


tioning a Survey that was made in 


England in the Year 1635, becauſe it 
appears to have been done with great 
Care, and with proper Inſtruments. 
Mr. Norwood having in two different 
Years taken the Sun's Altitude at the 


Summer Solftice at London and at 


York, with a Sextant of five foot 


Radius, found the difference 'of La- 


titude of theſe two Cities to be 29. 
28. He then meaſured their Di- 
ſtance, and having taken into the 
Account all the turnings of the 


Road, with the Aſcents and Deſcents, 


reduced it to an Arc of the Meridian 


. * containing 9149 Chains. This com- 
pared with the Difference of Lati- | 
| tude | 


Picard, upon a Baſe exactly meaſur- 


and Amiens to be 78850 Toiſes: 
: He obſerved, with a Sector of 10 
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tude gave him 3709 Chains to a 
Degree; that is, 367196 feet Eng- 
Tiſh, or 57300 of our Toiſes. 


AN Order of Lovis XIV. to 
the Academy of Sciences, ſoon pro- 
duced a Work far ſurpaſſing what- 
ever had been done of this kind. M. 


ed, and by a very fe Triangles, de- 
termined the Length of the Arc of 
the Meridian between Malvoi fine 


foot Radius, that bore a Teleſcope of 
the ſame length, the difference of 
Latitude of theſe two Places, viz. 
19. 22.55. And from thence con- 


cluded a Degree to contain 57060 
Toiſes. 


B 4 THE 


— 
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＋ H E Method that Mr. Picard 


had uſed, with the many Precauti- 


ons he had taken, were ſufficient 
Vouchers for his exactneſs. And the 
KINO reſolved that the whole 
Arc of the Meridian through France 
ſhould be meaſured in the ſame 


manner. This Work Mr. Caſſini 
finiſhed in the Year 1718. He had 
divided the Meridian of France into 
two Arcs, which he meaſured ſepa- 
rately. The one from Paris to Col- 
lioure had given him '57097 Toiſes 
to a Degree; the other from Paris 
to Dunkirk, 56960 ; and the whole 
Arc from Dunkirk to Collioure, | 
57060; the fame as Mr. Picards. 


AT laſt Mr. Muſſchenbroek, jea- | 
lous of the Glory of his Nation, to 
which himſelf ſo much contributes, 


havin g reſolved to correct the Errors 
of 


-Ors 
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of Snellius, both from his own Ob- 
ſervations and from Snellius himſelf, 
found the Degree between Alcmaer 
and Berg-op-/om to contain 29514 
Perches, 2 foot, 3 inches Rhinland 
Meaſure, which he fays is equal to 
57033 Toiſes, o feet, 8 inches of 
Paris. S | 


THESE laſt Surveys agreed ſo 
much better with each other than the 
former, that for the Climates they 
were made, we needed no better; 
nor indeed to find the Circumference 
of the whole Earth, provided it were 
Spherical, and had all its Degrees 
equal. 


BUT why ſhould the Earth be a 
Sphere? In an Age when nothing leſs 
than the utmoſt Preciſion in all Sci- 
ence is inſiſted on, it was not to be 

ſuppoſed 
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ſuppoſed that the Proofs the Ancients | 


had given of its ſpherical Form could 
paſs. Even the Reaſonings of the 
moſt celebrated Mathematicians, who 
gave it the Figure of a flat Spheroid, 
were not thought entirely ſatisfying ; 
becauſe they ſeemed ſtill to be con- 


nected with ſome Hypotheſes, al- | 


though theſe Hypotheſes were ſuch 


as one cannot well help admitting. As 
for the Obſervations made in France, | 
they were as little thought ſufficient 
to give the Earth the Figure of a 


long Spheroid. 


A laſt the K TNG orderd 
the length of a Degree to be mea- 
ſured at the Equator and at the polar 
Circle, that the Compariſon of one 


of theſe Degrees with that in France 
might decide whether the Earth was 
long or flat; and that at the ſame 

time 
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time their Compariſon with each 


other might determine the Earth's 
Figure in the exacteſt manner. 


IT is evident in general, that Sir 
Jaac Newton's Figure of a flat Sphe- 
roid, and Mr. Caffini's of a long one, 
will give very different Diſtances of 
Places that have the ſame Longitude 
and Latitude. And it is of ſome con- 
ſequence to Navigators, not to fancy 
they are failing upon one of theſe 
Spheroids, while they are really ſail- 
ing upon the other. The Miſtake 


would not be ſo conſiderable, if the 


Ship's Courſe lay all in the fame 
Meridian, But for Places under the 
ſame Parallel, the difference of the 
Diſtances upon the one or the other 
Figure would be very great. In a 
Courſe of 100 Degrees Longitude, 


there might be a Miſtake of more 


than 
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than two Degrees, if failing really * 
upon Sir Laac Newton's Earth, one 
ſhould imagine himſelf to be upon 
Mr. Cafſinis. And how many Ships 


have periſhed by ſmaller Miſtakes ? 


THERE is this Conſideration 
further; That, till the Figure of the 

Earth is determined, there is no 
knowing how far theſe Errors may 
go. And in fact it appears from our 
Meaſures that ſuch a Miſtake will be 
ſtill greater than, from Sir 1/aac's | 


Table, it could be known to be. 


I fay nothing of the Miſtakes that 
muſt happen in oblique Courſes. It 
is needleſs to make any Eſtimate of 
them at preſent : Only it is plain e- 
nough that they would be ſo much 
the greater as the Courſe approached 


to a Paralleliſm with the Equator. 


TH E 


PREFACE 13 


THE Errors juſt now mentioned 


merit certainly our ſerious Attention: 
And if the Sailors are not at preſent 
ſenſible how advantageous it would 
be for them to know the true Figure 
of the Earth, it is owing rather to 
the Imperfection than to the Perfec- 
tion of their Art. They are ſubject 
to a great many other Miſtakes in 
the Direction of their Courſe, their 
7 Diſtance run, and the like; amidſt 
which the Error ariſing from their 


Ignorance of the Earth's Figure lies 


$ confounded and hid. Yet it is ſtill 
a Source of Error more : And if ever 
das it is to be hoped) the other Ele- 
ments of Navigation are brought to 
Perfection, it will be ſeen of what 
Uſe the exact Determination of the 
7 Earth's Figure is. 


THIS 
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THIS Determination would like- 
wiſe be exceedingly uſeful in that im- 
portant Problem, To find the Parallax 
of the Moon ; which would greatly 
contribute to the compleating a The- 
ory of this Satellite of our Earth; 
upon which the beſt 'Aſtronomers 
have always moſt reckoned for the 
diſcovery of the Longitudes at Sea. 


AND to come to other Objects, 
lower indeed, but not the leſs uſeful, | 
one may afhrm that the Perfection 
of Levelling depends upon the Know- 
| ledge of the Earth's Figure. Such is 
the Chain that connects the Sciences, 
that the ſame Principles which ſerve 
to direct a Ship in her Courſe, and 
to trace the Moon in her Orbit, ſerve 
likewiſe to bring Water into a Foun- 


tain or Canal. 


'TWAS, | 
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"'TWAS, no doubt, upon theſe 
Conſiderations that the K ING or- 
der d the two Voyages to Peru and 
to the Polar Circle. Near Views of 
particular Advantage have ſometimes 
produced great Enterprizes for the 
diſcovery of Countries, or of Paſſages 
to abridge certain Voyages; but the 
Determination of the Figure of the 
Earth is a general Benefit to all Na- 
tions and Ages. 


THE Magnificence of every 
thing that regarded this Enterprize 
was equal to the Greatneſs of the De- 
ſign. To the four Academicians, 
the Count de Maurepas added the 
Abbe Outbier, whoſe Capacity to 
aſſiſt in this Work was well known; 
He gave us Mr. de Sommereux for 
our Secretary, and Mr. a Herbelot 


for 
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for Defigner. If ſo many Hands p 
were neceſſary for executing a Work 7 g 
of ſuch difficulty and in ſuch a 
Country, our Number would at the | 
ſame time render our Operations the ag 
more authentic. And that nothing ſh 
might be wanting in either of theſe we 
reſpects, the KI xe conſented that M. of 
| Celfrus, Profeſſor of Aſtronomy at Up- | ha 
al, ſhould join us. Thus we left on: 
France, furniſhed with all that could has 
be thought neceſſary to enſure Succeſs; ! 
and the Court of Sweden gave ſuch 
Orders, as procured us in its remoteſt ded 
Provinces all the Aſſiſtance imagina- trea 
| ble. The Count of Caſteia then am- 
baſſador in Sweden, ſollicited the Re- 
commendations of that Court, with * 
that Zeal he always ſhows in the 
K IN d's Service; and if we have 
done any thing for the Sciences, that j 
deſerves Acknowledgment, they will 


nf 
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pay it to that Miniſter, to whoſe 
goodneſs we are ſo much indebted. 


I thought it might not be diſ- 
agreeable to my Readers to prefix a 


ſhort Hiſtory of our Labours, which 
was read in the laſt publick Meeting 


of the Academy; and of which I 
| have retrenched only ſome Reflecti- 
ons, that the detail of our Operations 


has now render'd ſuperfluous. 


THE reſt of the Work is divi- 


| ded into three Books; becauſe it 


| treats of very different Matters. 


IN the firſt you have the whole 


? Proceſs of our Operations for mea- 
ſuring an Arc of the Meridian that 
cuts the Polar Circle, and for aſſur- 
ing ourſelves that our Meaſures were 
7 juſt. It is divided into two Parts, 


C the 
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the one containing our firſt Opera- 
tions; the ſecond the Repetition of 
theſe Operations, with Verifications 
of the Whole. 


OUR {ſcrupulous Exactneſs not 


only in the Calculations, but in the 


detail of all the Circumſtances of 
our Obſervations, may to ſome Peo- 
ple ſeem to need an Apology. But 
in a Subject that has been ſo much 
diſputed, and is of ſuch importance, 
we thought we could not carry our 
Exactneſs too great a length. Mr. 


Clairaut, whoſe Skill in much more 


difficult Calculations is well known, 
was of great ſervice to us in theſe. 


THE firſt Book concludes with 
a Problem which I had already pub- 
liſhed in the Memoirs of the Acade- 
my 1735,and which I have here in- 

7 ſerted, 


1 ſerted, becauſe this is its proper place. 
It ſerves to determine the Magnitude 
2 and F igure of the Earth from the 
0 lengths of two Degrees of a Meri- 
| dian ; and by it, one may eaſily make 
7 Table of the lengths of a Degree 
for every Latitude. 


THE ſecond Book contains ſe- 


2 veral Obſervations by which we de- 
” termined the Elevation of the Pole 
at Tornea and Kittis ; the quantity 
of the Refraction at the Polar Circle, 
and the Longitude of Tornea. We 
at the ſame time detect a received 
Error, which might not a little affect 
both Aſtronomy and Geography. 


IN the Year 1695 Charles Xl. 


King of Sweden, having ſent MeiT*, 
Spole and Bilberg to Tornea to make 
ſome Aſtronomical Obſervations 


C 2 theſe 
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theſe two Mathematicians, with ſmall 
and imperfe& Inſtruments, obſerved 


ſeveral Altitudes of the Sun at the 


Summer Solſtice, from which they 
concluded the Elevation of the Pole 
at Tornes to be 659. 43'3 while if 


they had employed the proper Data 


they ſhould have found it to be but 
65. 40'. even by their own Obſer- 
vations. Having thus determined 
the Elevation of the Pole, their Ob- 
ſervations of the Sun's North Meri- 
dian Altitude gave them the Refrac- 


tions at Jornea almoſt double to what 


they are in France. 


IN all this there was a great deal 
of Error: The Town of Torneg is 
11' more to the North than they 
made it ; And the Refractions are 
not there different from what they 
are at Paris. 


FROM 
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FROM a great Number of Ob- 
ſervations we found the Elevation of 
the Pole at Tornea to be 659. 50. 


60", 


And we have ſome reaſon to 


think there are few Towns in the 
moſt inhabited parts of Europe, 
whoſe Latitude is more exactly 


known. 


We have there oftner than 


once obſerved, at ſhort intervals of 
Time, and even in the ſame Day, 


the two Altitudes of the Pole-Star, 


which is there ſo elevated, that 


though one knew not the Refracti- 
ons, or made no account of them, 
they are fo inconſiderable that the 


1 obſerved Altitude might afterwards 


be ſafely uſed in meaſuring the Ho- 
N rizontal Refractions. 


ON the other hand, in this Cli- 
mate the Sun's Meridian Altitudes 


al 


in 


in the Horizon furniſh many curious | 
Obſervations upon the Subject of 
Refradtion. | * ö 


of WE had likewiſe the Planet Ve- 
us for about two Months conſtantly | 
above the Horizon, and could take 
her, Meridian Altitudes both to the | 
South and North | 


AND from all theſe Obſerva- 
tions made with the greateſt Care, we 
found that the Refraction at Tornea 
differed not from that in France: 
any difference we found was no 
more than what might ariſe from the 
Obſervations themſelves, or from Ac- |: 
cidents wherewith the RefraQtions 
upon the Horizon may be affec- 


ted. 


4 
a 
2 
* 
1. 
1 
4 
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IF then the Refractions are found 
to be conſiderably leſs at the Equator 
than at Paris, and that they really 
increaſe from the Equator towards 
the Pole: This at leaſt is certain, 
that from Paris to the Polar Circle 
that Increaſe is imperceptible. And 
the Account which the Hollanders 
that wintered in Nova Zembla give 
of the Sun's appearing much ſooner 
upon the Horizon than he ought to 
have done in that Latitude, cannot 
ſhake what we had confirmed to us 
by ſo great a Number of Obſerva- 


tions. 


AS to the Longitude, Jupiters 
Situation in the Southern Signs kept 
him always hid in the Horizontal 
Vapours, at the times when we might 


have obſerved him. But we made 
C4 ſome 


Fran 
ſome other Obſervations to this pur- 


pole. One was of a Lunar Eclipſe j 


in the Horizon; the reſt of Octul- 


tations of fix 4 Stars by the Moon; 


from which we concluded with tole- 
rable Certainty, that the difference 
between the Meridians of Paris and 
Torned i is 1b. 2 3. 


T HESE Obſervations are chiefly 


owing to the Vigilance of Mr. Je Mon- 


nier and Mr. Celfius ; who in a Cli- 
mate, where the Heavens are ſo coy 


to Obſervation, were continually at- 


tentive to ſeize every fayourable Mo- 
ment. | 


THE laſt Book contains our Ex- 
periments upon. the Force of Gravi- 
tation in the Frigid Zone: A Sub- 


| * which, beſides its N Impor- | 


dance 
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; tance in Natural Philoſophy, is ſo 


cloſely connected with the Figure of 
the Earth, that Sir 1/aac Meutom and 
Mr. Huygens thought, that from the 
different Weight of Bodies alone the 
Earth's Figure might be determined, 
and even more exactly than by an 
actual Menſuration of the Degrees. 
Upon the diſcovery of the Increaſe 
of Gravitation towards the Poles, 
they concluded, that to preſerve the 
ballance of the Parts that compoſe 
this Globe, and that the Seas might 
not overflow the Parts towards the 
Equator, the Earth muſt there riſe 


higher, and fall in towards the Poles. 


From the Increaſe of Gravitation as 
we found it at the Polar Circle, this 


Falling in muſt be till greater than 


Sir Jſaac has made it. And ſome 
Experiments of our Academicians at 


the 
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the Equator, which are lately come 
to our bands, wü the fame | 


Thing. 


* PLAN Ws Whole with a 


Problem : - To find the Direction of 


the primitive Gravity, or the Angles 
it makes with that of actual Gra- 


vitation; which was the more pro- 
per in this place, as it compre- 
hends the Reſult of all our Obſerva- 


tions, both for the actual Menſura- 
tion of the Earth, and upon the In- 
creaſe of Gravitation, and as. from 


it may be deduced particular Solu- 


tions of a great many curious and 


uſeful Queſtions upon theſe two 


Subjects; which are neceſſarily com- 


plicated with each other. 
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I have added a Map of all our 
Mountains and the Country adjoin- 
ing ; but the Poſition of thoſe Moun- 


tains only on which we made our 


at N Obſervations, is determined geome- 
bh. þ tiically. | 

a- 
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DISCOURSE © 


READ IN THE 


PUBLICK MEETING 


OF THE 


Royal Academy of SCIENCES, 


The 13th of November, N. S. 1737, 


Upon the Meaſure of a Degree of the 


Meridian at the Polar Circle. 


HE Motives and Purpoſe of our 


— * 


= Journey to the North, I laid 
5 before this Aſſembly eighteen 

months ago: at preſent I am to 
give an account of its Execution, which 
it may not be improper to introduce by 
ſhortly reſuming what firſt gave riſe to this 
Undertaking. 
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IN the Year 1672, M. Richer lore ob- 
ſerved, that at the Iſland of Cayenne, in the 


Neighbourhood of the - Equator, Bodies 


weighed leſs than in France; this Diſcovery» 
with the ſeveral Conſequences that muſt fol- 
low from it, drew the attention of the 


Learned; and an illuſtrious Member of this A- 


cademy found that it equally proved the Mo- 
tion of the Earth round its Axis, which did 
not much want any new Proof, and the Fal- 
ling in of the Earth towards the Poles, which 
was then a Paradox. M. Huygens applying 
his new invented Theory of Centrifugal 
Forces to the Parts that compoſe the Ter- 
raqueous Globe, ſhewed, that if we conſider 
theſe parts as gravitating uniformly towards 
a Centre, and at the ſame time, revolving 
round an Axis, they muſt, to preſerve their 


mutual Ballance, take the Form of a Sphe- 
 roid flatted towards the Poles. He went ſo 
far as even to determine the quantity of this 


Flatneſs ; and all this from the common 
Principles of Gravitation. 


SIR Iſaac Newton ſetting out from a dif- 
ferent Theory, that of the univerſal Attrac- 
tion of Matter, arrived however at the ſame 

Con- 
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Concluſion with M. Huygens ; only the 
quantity of this Flatneſs came out different 
in Sir Jaac's Calculation. In ſhort, one may 
venture to ſay, that if we examine the Fi- 
gure of the Earth by the Laws of Statics, 
all the different Theories lead to the ſame 
Concluſion ; whereas the Figure of an ob- 
long or oval Spheroid cannot reſult but from 
Hypotheſes of Gravitation that are extremely 
forced and unnatural. 


UPON the Eſtabliſhment of the Acade- 
my of Sciences, one of their firſt Reſearches 
had been, the juſt- meaſure of a degree of 
the Terreſtrial Meridian. And this M. Pi- 
card had executed, for the Climate of Paris, 
with all the Exactneſs that could be deſired. 
But this Meaſure could be univerſally true, 
only upon the Suppoſition of the Earth's be- 
ing perfectly ſpherical. If it was a flat 
Spheroid, it muſt be too great for the De- 
grees towards the Equator, and too little 
for thoſe towards the Pole. 


THE whole Arc of the Meridian that 
paſſes through France was afterwards ac- 
tually meaſured. But to our great ſurprize, 

the 


3 
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the Degrees te the Northward came out 
ſhorter than the more Southerly, quite the 
reverſe of What was to be expected from the 
Figure aſſigned by Meſſts. Huygens and 
Newton. . According to this laſt Survey, 
the Earth muſt be prominent towards 
the Poles; and other Operations made 
upon the Parallel that paſſes through 
France, which ſeemed to be 0 * BOO, 


Hus noche Academy divided in their 
Sentiments, and perplexed even by. their 
own Enquiries, when the KI NG thought 
it to ſignify his pleaſure, that the Queſtion 

ſhould be finally decided. A Queſtion not 

vainly ſpeculative, and fit only to exerciſe 
the idle and fruitleſs Subtilty of Philoſophers, 
but which might have a real influence upon 
8 and eee 


1 0 give a proper Solution, it was neceſ- 
fary to compare two degrees of the Meridian, 


the moſt different in Latitude that was poſ- 
ſible. For if theſe degrees increaſe or de- 
creaſe from the Equator to the Pole, the 
ſmall difference between two neighbouring 
degrees, might mix itſelf with the Errors 

com- 
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committed in Obſerving : whereas if the de- 
grees that are compared, lie at a greater diſ- 
tance from each other, this difference being 
repeated as often as there are intermediate 
degrees, mult riſe to a Sum too conſiderable 
to eſcape Obſervation, 


THE Cannt de Maurepas, a Lover and 

Patron of Learning, and who aims always 
at rendring it ſubſervient to the Good of the 
State, found the advantage of Navigation 
and that of the Academy equally concerned 
in this Undertaking. And the fame view of 
publick Utility engaged the attention of the 
Cardinal de Fleury, whoſe Protection and 
Favour the Sciences enjoyed in the midſt of 
a War, in a higher degree than they durſt 
have hoped for in the moſt profound Peace. 
To the great joy of the Academy, an Order 
is preſently diſpatched from Court to deter- 

mine the Controverſy concerning the Figure 

of the Earth; and, a certain number of its 

Members are immediately deputed to put it in 

execution. — So many were to go to meaſure 
the firſt Degree of the Meridian at the Equa- 

tor; Theſe ſet out a whole Vear before us. 
The reſt were commiſſioned Northward, to 

D meaſure 
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meaſure the remoteſt Degree they could 
reach. And the fame Alacrity, the fame 
Zeal to ſerve their Country appeared in thoſe 
that were to endure} the Rage of Equator 
Suns, and thoſe that were to freeze beneath 
the Polar Circle. | 


THE, Company deſtined for the North 
was compoſed of four Academicians, Mefl *? 
Clairaut, Camus, le Monnier, and Myſelf ; the 
Abbe Outhier, and M. Celſius the celebrated 


Profeſſor of Aſtronomy at Up/al, who aſſiſted 


at all our Operations, and whoſe Abilities and 
Advice were of ſingular uſe to us. If I might 
be allowed to do juſtice to the Courage and 
Talents of the reſt of my Companions, it 
would appear that the Work we were en- 
gaged in, difficult as it was, muſt become 
eaſy in ſuch 5 and with ſuch Aſ- 
Gſtance: 


THE Gentlemen that failed for the E- 
quator we have no accounts of this great 


2 while paſt. Scarcely know we any thing 


more of them, than the difficulties they have 
had to ſtruggle with: and our own Expe- 
rience has taught us to fear the worſt. For 
us, we ha ve been more fortunate ; and are ſafe 


1 returned 
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returned to preſent to the Academy the fruit 
of our Labours. 


N O ſooner was the Veſſel that carried FY 


over arrived at Stoch bolm, than we reſolved 
without loſs of time to ſet out for the Bot- 
tom of the Gulph of Bothnia, where we 
might judge which fide of the Gulph was 
the moſt proper for our Operations, better 
than we could do by truſting to our Charts. 
Nothing could retard us, neither the fright- 


ful Stories they told us at Stockholm, nor the 


Goodneſs of his Swediſb Majeſty ; who, not- 
withſtanding the Orders he had given in our 
behalf, told us oftner than once, that it was 
not without a ſenſible Concern he ſaw us 
purſue ſo deſperate an Undertaking. We 
arrived at Jorne time enough to ſee the Sun 
perform his Courſe for ſeveral days together 
without ſetting : a Sight that ſtrikes with 
wonder an Inhabitant of the Temperate 
Zones, even though he knows it is what 
muſt neceſſarily happen in that Climate. 


HERE it may not be amiſs to give ſome 
Idea of our intended Work, and the Opera- 
tions we had to go through, to meaſure a De- 
gree of the Meridian, 
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EVERY body Shows that as one . 
vances towards the North, the Stars about 
the Equator appear lower, and thoſe to- 
wards the Pole more elevated. And tis 
probably this Appearance that gave the firſt 
Indication of the Earth's Roundneſs. This 
difference of the Altitudes of the fame Star 
| ſeen from the Extremities of an Arc of the 
Terreſtrial Meridian, I call the Amplitude of 
that Arc. This Amplitude 1 is the Meaſure 
of the Curvature of the Arc; or, as it is 
commonly expreſt, it is the number of Mi- 
nutes and Seconds that Arc contains, | 


IF the Earth was "fey ſpherical, the 
Amplitude, or difference of the Meridional 


Altitudes of the ſame Star, would be always 


proportional to tlie length of its correſpon- 


dent Arc in the Terreſtrial Meridian. Thus, 
if, in the Climate of Paris, a diſtance of 
57000 Toiſes upon the Terreſtrial Meridian 
anſwered to an Amplitude of one degree, 
at Torneg, to produce the ſe me difference of 
Meridional Altitude, an equal diſtance of 
57000 Toiſes muſt be gone over in the Me- 
ridian. 


IF 
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IF, on the contrary, the Surface of the 
Earth was a perfect Plane, how far ſoever 
one travelled Northward, the Meridional 
Altitudes of the Stars would ſuffer no 
change. 


IF therefore the Surface of the Earth has, 
in different Climates, different degrees of 
Curvature; that is, if it approaches more or 
leſs to a perfect Plane, the Portions of the 
Terreſtrial Meridian, that, in different Cli- 
mates, anſwer to the ſame Amplitude, muſt 
be of different Lengths. If the Earth is flat- 
ted towards the Poles, a Degree of the Ter- 
reſtrial Meridian will be longer towards the 
Poles than towards the Equator. And by 
the compariſon of diſtant Portions of the 
Terreſtrial Meridian that anſwer to a Degree, 
the Figure of the Earth may be determined. 


HENCE it is clear, that to find the 
Length of a degree of the Terreſtrial Me- 
ridian, a certain Diſtance muſt be actually 
meaſured upon it, and the different Alti- 
tudes of the ſame Star muſt be taken at the 
two Extremities of that Diſtance, in order 

to compare the Length of the Arc with its 


Amplitude. | 
: D 3 OUR 
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OUR firſt Work then was to meaſure 


ſome conſiderable Diſtance in the Meridian; 
and for that purpoſe to form a Series of 
Triangles connected with a Baſe, whoſe 
n we could take by an actual Survey. 


WE bad al along flattered ourſelves that - 


we might perform our Operations upon the 
Coaſts of the Gulph of Bothnia. The con- 
venience of tranſporting ourſelves and our 
Inſtruments to the different Stations, . by Sea, 
with the many advantageous Points of View 
which the Iſlands, as they are marked in all 
the Charts, ſeemed to promiſe us, had turned 
our Thoughts altogether upon theſe Coaſts 
and Iſlands. But when we had gone with 
great impatience to view them, all our la- 
bour ſerved only to convince us, that our 
firſt Deſign was impracticable. Theſe Iſlands, 
which line the Coaſts of the Gulph, and 


the Coaſts themſelves, which we had fancied 


to be ſo many Promontories, that might fur- 
niſh us with diſtant Points of View from one 
to another, lay all of them ſo low upon the 
Surface of the Water, that at a ſmall diſtance, 
the Convexity of the Earth muſt ariſe be- 
tween them and us. Near the Coaſt they 

even 
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even covered one another from our fight : 
Nor did they advance far enough into the 
Sea to afford us the Direction we wanted. 
So that after ſeveral ſmall Voyages in purſu- 
ance of our firſt Deſign of making ule of 
theſe Iſlands, we were at laſt obliged to give 


it up. 


I had ſet out from Stockholm to Tornea 
in a Coach, with the reſt of the Company: 
but about the middle of this long Journey, 
having accidentally fallen in with the Veſſel 
that carried our Inſtruments and Servants, I 
had gone on board and was got to Tornea, 
ſome days before my Companions. At my 
landing, I had found the Governour of the 
Province juſt ſetting out to viſit North Lap- 
land, which was of his Department; and 
had ſeized the occaſion of his Company, to 
get ſome notion of the Country till my 
Friends ſhould come up. I had advanced 
I 5 Leagues tothe North, paſſed the Night of 
the Solſtice upon Auaſaxa, one of the high- 
eſt Mountains in the Country, and had got 
back to Torne by tte time my Companions 
arrived. In this Excurſion, which took up 
three Days, I had obſerved that the River 
of Tornea, as far as I had traced it, followed 


D 4 pretty 


pretty. nearly the Direction of the Meridian, 
and that there were high Mountains on every 


ſide that might e * 2 * 
of V 97 4 


HENG: E We took the hint of perform» 


ing our Operations upon the tops of theſe 


Mountains, to the Northward of Torneg 3 
but the thing appeared next to impoſſible. 


IN the Deſarts of a | Conntry N hes 
bitable, in that immenſe Foreſt which ex- 
tends from Tornez to Cape Nord, we muſt 
g0 through Operations that are not eaſy 
even where no Convenience is wanting. To 


penetrate into theſe Deſarts, there were but 
two ways, both of which we muſt prove; 


one, the failing upon a River full of Cata- 
racts; the other, croſſing thick Woods and 
deep Marſhes on fopt. And if we ſhould be 


able to make our way into the Country, 


after the moſt painful Marches, we muſt 
have to clamber up ſteep Rocks, and clear 
the tops of Mountains of the Wood that 
intercepted our Sight. We muſt in theſe 
Deſarts put up with the moſt wretched Diet, 
expoſed to the Flies, which in this Seaſon 
are + Inſuffcrable as to drive the Laplanders 

| and 
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and their Rain-Deer from their Habitations 
to ſeek ſhelter on the Coaſts of the Ocean. 
In fine, we muſt undertake this Work with- 
out knowing, or being able to inform our 
ſelves, whether it was at all practicable; ; 
whether the want of one Mountain might 
not, after all our Toils, abſolutely interrupt 
the Series of our Triangfes ; ; or whether it 
would be poſſiblè to find upon the River, a 
Baſe with which they could be connected, 
If none of theſe Obſtacles proved infurmqun- 
table, Mill there remained the Labour of 
building Obſervatories upon the moſt Nor- 
therly of theMountains, the carrying thither 
as numerous a Collection of Inſtruments as 
is perhaps to be ſeen in Europe, and there 
making 'the niceſt Obſervations of Aſtro- 


THESE were Obſtacles ſufficient to a- 
larm us; yet on the other hand our Views 
were too charming to be parted with. Be- 
ſides the Pleaſure of conquering ſo many 
Difficulties, we ſhould have ſurveyed a Por- 
tion of the Earth, the remoteſt that is per- 
haps within the reach of Mortals; the De- 
gree of the Meridian that cuts the Polar 
Circle, and lies partly within the frozen Zone, 

Then, 


July, 
1730. 
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Then, as we had deſpaired of making any 


uſe of the Iſlands in the Gulph, this was 
really the only Reſſource that remained. 
For to go down again to the more Southerly 
Provinces of Sweden, was a Thought we 
could not bear, 


WE ſet out then from Jorned on Friday 
the öth of July, with a Company of Fin- 


land Soldiers, and a good number of Boats 


laden with Inſtruments, and ſuch Proviſions 
as were thought moſt neceflary. 


WE began our Journey by failing up the 
great River, that riſing in the inmoſt Parts 
of Lapland, purſues its courſe till it falls into 
the Gulph of Bothnia, having firſt divided 
itſelf into two Branches that form the Ifle 
of Swentzar, where is built a Town of the 


fame Name in the Latitude of 65. 51'. 


From this day forward, our only Habita- 


tion was the Defarts, and the Summits of 
thoſe Mountains which we were to connect 


by our Triangles, 


AFTER a Voyage of twelve hours, we 
landed about Nine in the Evening at Korp:- 
&y/a, a Hamlet by the River- ſide, inhabited 
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by Finlanders. And having travelled acroſs July. 
the Foreſt on foot for ſome time, we ar- 
rived at the Bottom of a ſteep Mountain 
called Nizwa, whoſe Summit, a bare Rock, 
we choſe for our firſt Station, Upon the 
River we had been tormented by great Flies 
with green Heads, that fetch blood where- 
ever they fix, But on the top of Ma 
we had to deal with ſeveral other kinds 
ſtill more intolerable. By good luck we 
found two Lapland Girls tending a ſmall 
Herd of Rain-Deer, but almoſt quite hid 
in the Smoke of a great Fire they had kin- 4 
dled: And upon enquiry being told it was | 
in this manner they defended themſelves | 


from the Flies, we immediately had recourſe | 
to the ſame Method, "For | 


THE 8th of Fuly, at One in the Morn- 
ing, Mr. Camus and I left our Company up- 
on Niwa, to go and reconnoitre the Moun- 
tains to the Northward. We travelled up 
the River, to a high Mountain called Ava- 

ſaxa, where having cleared its top of the 
Trees, we order'd a Signal to be built. Our 
Signals were hollow Cones, compoſed of a 
great many large Trees ſtript of the Bark. 


By this means they were white enough to 
be 
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July.  beviſible at the diſtance of 10 or 12 Leagues. 
And we had taken the precaution to cut 
Marks upon the Rocks, and drive Stakes 
into the Ground, covering them with large 
Stones, that, in caſe of any Accident, we 
could eafily recover the Centre of our 
Cone. In ſhort, our Signals were as con- 
venient for Obſervation, and as ſolid as moſt 


Wan in the _ 


AS - as this was \ Gniſhed, we came 
down from-Avaſaxa, and embarking on the 
little River of Tenglib, which falls into the 
great River at the foot of this Mountain, 
we directed our Courſe upwards to a place 
the neareſt we could find to a Mountain 
that ſeemed to ſuit our purpoſe. And from 
thence a March of three Hours over a Mo- 
raſs, brought us to the foot of Horrilakere. 
Though extremely fatigued, we got to the 
top of it, and paſſed the Night in cutting 
down the Wood that covered it. Moſt part 

of this Mountain is a reddiſh. Stone, inter- 

ſperſed with a ſort of white Cryſtal, of an 
oblong Form, and laid parallel. wiſe. Here 
the Flies, more mercileſs than thoſe of Niua, 
were not to be driven off by Smoke. We 
were obliged, notwithſtanding the exceſſive 
Heats, 
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Heats, to wrap our Heads in our Lappmudes, Fuly. 


(a fort of Gown made of Rain-Deer Skins) 
and to cover us over with Branches of Firr, 
and even whole Trees; which rather ſtifled 
us, than defended us * theſe troubleſome 
Animals. W 
- NO 

| HAVING cut down all ten Wood on 
the top of Horrilakero, and built a Signal, 
we returned by the ſame road, to find our 
Boats that we had drawn up upon the Bank, 
the People of this Country being but ill 
provided of Cordage to ſecure them in the 
ordinary way. Tis indeed no hard matter 
to drag along, or even carry the Veſſels that 
are uſed in the Rivers of Lapland. A few 
thin Firr-boards compoſe the whole Veſſel, 
ſo extremely light and flexible, that the 
continual beating, with all the force of the 
Stream, againſt the Stones which theſe Ri- 
vers are full of, does it no manner of harm. 
Tis terrible to thoſe that are not accuſtom- 
ed to it, and aſtoniſhing even to thoſe that 
are, to ſee one of theſe weak Machines 
drive down a Cataract, in a Torrent of 
Foam and Stones, ſometimes raiſed aloft in 
the Air, and next moment loſt in the Deep. 


A bold Finlander ſteers it with a long Oar, 
while 


July. 
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while his two Companions row hard to 
fave it from the purſuing Wave that threa- 
tens every moment to overwhelm it. Then 
may you ſee the whole Keel by turns raiſed 


above Water, and leaning only with its one 


Extremity on the top of a yielding Billow. 
As theſe Finlanders have ſo much Courage 


and Addreſs in paſſing the CataraQs, their 
Art and Care in the management of their 


Boats upon other Occaſions is no leſs re- 
markable. A Tree, Branches and all, ſerves 
them n for both Sail and Maſt, 


W. E embarked again on dhe Tengliò, 
which brought us down into the River of 
Torneg on our return to Rorpilyla. Four 
Leagues from Avaſaxa we left our Boats, 
and after an hour's march over the Foreſt, 
gained the foot of Cuitaperi, a ſteep Moun- 
tain, its Summit a Rock covered with 
Moſs, and affording an extenſive Proſpect 
all round; which, to the South, takes 
in the Gulph of Bothnia: Here we e- 
rected a Signal, whence we could diſcover 
Horrilakero, Avaſaxa, Tornea, Niwa and 
Kakama'; and then continued our Courſe 
down the River. Between Cuitaperi and 


ben we found ſome frightful Cata- 


racts, | 


mn 
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rats, where the Finlanders always ſet their July. 


Paſſengers aſhore. | But our exceflive fatigue 
had made it more ſupportable to riſque paſ- 
ſing them in the Boat, than to walk but 
an hundred Yards. At laſt, on the Even- 
ing of the 11th, we joined our Friends 


whom we had left on the top of Niwa - 


They had deſcryed our Signals, but, by 
reaſon of the continual Fogs, had not been 
able to make any Obſervations. 


WHETHER it is the Sun's long Stay 
above the Horizon, that raiſes more Vapour 
than the Night can condenſe, I ſhalt not de- 
termine,” This is certain, that, during the 
two Months we paſt on theſe Mountains, 
the Sky was never clear till a northerly Wind 
roſe to carry off the Fogs. This diſpoſition 
of the Air detained us ſometimes 8 or 10 
Days upon one Mountain, waiting for a fa- 
vourable Moment, when we might have a 
diſtinct View of the Objects we wanted to 
obſerve, Next Day after our return to 
Niwa we took ſome Angles, and the Day 
following, by the favour of a cold north 
Wind, we were able to finiſh our Obſerva- 
tions, 


THE 


uh. 
Meſſ? Camus, le Monnier and Cel/ius, went 
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that can be imagined; to the South quite 


ri 


TRE 14th we: nen and 


to Kutama, Meſf Clairent, Outhrer. and 
myſelf, took the Road of Cuitaperi, hence 
the Abbe Our bier went the 16th to plant a 
Signal at Pullingi. The i8th we made our 
Obſervations, which, . notwithſtanding; ſome 
Interruption from the. Thunder and Rain, 
were 'compleated that fime Evening. The 
20th we ſet out all together, and by Mid- 
night arrived at Huaſexs. 
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THIS Mountain is Add on the bank 
of the River 15 Leagues from Tornes. Its 
Aſcent" is difficult, lying through a Wood 
that reaches half way up, is then interrupt- 
ed by a heap of ſteep ſlippery Rocks, and 
afterwards continued to the very top of the 
Mountain, at leaſt before we cut down ſo 
much of it as was neceſſary to open our 
Proſpect. The north-eaſt fide is a moſt 
frightful rocky Precipice, where the Fal- 
cons build their Neſts. At the foot of it 
runs the Tenglis, encircling Ava/axa before 


it falls into the River of Tornes. From its 


Summit the Proſpect is the moſt beautiful 


Un 


n 
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unbounded, and diſcovering the courſe of 4 uy. 


the Riter to a vaſt extent. Towards the 
Eaſt one can trace the Tenglis in its paſſage 
through ſeveral Lakes. And on the North, 

atadiftance-of 12 or 15 Leagues, the ow 
is terminated: by a prodigious Number of 
Hills, heaped one upon another, as we uſe 
to repreſent the Chaos, and amongſt which 
it might not be eaſy, after one had got thi- 
ther, to diſtinguiſh the one he had pitch'd 
upon at Avaſaxa. 


WE ſpent ro Days upon this Moun- 
tain, during which, Curioſity procured us 
frequent Viſits from the Inhabitants. They 
brought us Fiſh and Sheep, and ſuch bad 
Fruits as their Woods produce. 


BETWEEN this Mountain and Cuita- 
geri, the River is exceeding broad, forming 
a ſort of Lake; which, beſides its extent, 
was very conveniently ſituated for our Baſe. 
Meſſ”* Clairaut and Camus undertook to 
determine its direction, and ſtayed for that 
purpoſe at Ofwer-Tornes, after we had fi- 
niſhed our Obſervations at Auaſaxa: While 


1, with Mefl"'  Monneer, Outhier and Cel- 


Jus, ſhould go up to Pullingi. The day 
E we 


N 
N 
i 
| 
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ih. we left Avaſaxe we croſſed the Polar Cir- 
cle; and on the Morrow, the 31ſt of July, 
by Three in the Morning arrived at Turtula, 
a ſort of Hamlet where they were cutting 
their little crop of Barley and Hay. After 
baving travelled ſome time in the Wood, 
we embarked on a Lake which brought us 
to the ou of n 
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8 H Is is the higheſt « of all our Moun- 
tains, and of an exceeding difficult Acceſs ; 
as well on account of its Steepneſs, as the 

depth of the Moſs wherein we had to fix 
our Steps: We reached the top however at 
ſix in the Morning. Our Stay here from the 12 
31* of July to the 6th of Auguſt was no leſs | 
diſagreeable than the Aſcent had been pain= 
ful. We had to fell a whole Wood of the | 
largeſt Trees. And the Flies attacked us 
with ſuch Fury, that our Soldiers of the | | 
5 Regiment of Wefro-Bothnia, a Body diſtin- 
- guiſhed even in Sweden, where there are ſo 4 
many brave Troops; theſe Men, hardened i 


r an Do TA - . a 


with the greateſt Fatigues, were obliged 

to wrap up their Faces, or cover them with 

Tarr. Theſe Inſects poiſoned our Victuals 

too; no ſooner was a Diſh ſerved, but it | 

was quite covered over with them, while 
another 
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another ſwarm, with all the rapaciouſneſs July. 


of Birds of prey, was fluttering round to 
carry off ſome Pieces of a * that was 


a e for . 


THE Morrow alot our l at Pul- Auguff. 


001 the Abbé. Outbier went with an Offi- 
cer of the Regiment of Weſtra- Bothnia, to 
whoſe good Offices we are very much indeb- 
ted, to build a Signal towards Pellb; and the 
4th we diſcovered, another which the fame 
Gentleman had erected upon Niemi. Hav- 
ing taken the Angles between theſe Sgnals, 
we left Pullingi the 6th of Auguſt to go to 
Pello, where, after having forced our way 
up four Cataracts, we arrived the ſame 
day. 1 6 


 PELLO is a Village inhabited by a 
few Finlanders: In its Neighbourhood is 
Kittis, where was one of our Signals; the 
| loweſt of all our Mountains. As we were 
going up we diſcovered a copious Spring of 
pure Water, that iſſues from a fine gravel, 
and reſiſts the keeneſt Froſt, For when 
we returned to Pellp about the end of Win- 
ter, while the Sea at the bottom of the 
Gulph,and all the Rivers were frozen as hard 

E 2 as 


_ Augut. as Marble, we found: this. Spring running as 
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in Summer. We had the good fortune to 
make our Obſervations ſoon after our arri- 
val, ſo that We were obliged to: ſtay: at 
Kittis but till next day. We ſet out from 
thence at three o clock in the Afternoon, 
and came the ſame Evening to Turtula. 
706 £010 1* 95 jt bas Hun vs TE nz ti 
FOR a Month paſt we had been Inhabi- 
tants.of the Defarts, or rather of the Moun- 
the Skin of a Rain- Deer, had been our Beds, 
and our Food. chiefly Fiſhes that the, Fin- 
landers brought us, or which ourſelves had 
catch d, with ſome: ſort of Berries or wild 
Fruits that grew in e Woods. This way 


4430 


9 His Health. had been. ſenſibly 
upon the Decline, eſpecially from the hard- 
ſhips. we had ſuffered upon Pullingi, and 
being now quite gone, I was, obliged to 

leave him at Turtula to go down the River, 
and try to recover it at the Curate of Oftver- 
Tornea's Houſe, which was the beſt, and al- 
moſt oy place of Shelter in 2 


* leſt 7 * at the fame time in com- 
pany with Mefl”* Outbier and Ceſſus, to 


go 
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go acroſs the Foreſt and find out the Signal Auguſt. 
which the Officer had erected at Niemi. 
And a frightful Journey it was. We ſet 
out ftom Turrula on foot till we got to a 
Brook, where e embarked on three little 
Boats. But they paſſed with ſuch difficulty 
between the Stones, that we had to go out 
of them at every turn, and leap from one 
Rock to another. The Brook brought us 
to a Lake (6 full of little yellowiſh Grains, j 
of the bigneſs of "Millet, that the whole i 
Water was difewlonrel with them. I took 
them to be the Chr/a/is of ſome Inſect, and | 
was tempted to fancy that this Inſect muſt | 
be ſome kind of thoſe Flies that ſo tormen- 
ted us; for Icoul think of no other Species 
of Animals whoſe Numbers correſponded 
to the quantity of Grains that covered this 
large Body of Water. From the Extremity 
of this Lake we bad to walk to another 
of very clear Water. Here we found a 
Boat, and putting our Quadrant on board, 
reſolved to follow it along the ſide of the 
Lake on foot. But the Wood was ſo thick, 
N that we were forced to cut our way through 
| it, and were entangled at every ſtep by the 
depth of the Mofs and the fallen Firr-trees 
Tat: lay acroſs our Road: In all theſe Woods 
| E 3 there 
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Auguft, there are almoſt as many fallen Trees as 


ſtanding. The Soil; after it has reared them 


to a certain height, can no longer furniſh 


the proper Nouriſhment, nor is it deep 
enough to allow them to take firm root. 


The leaſt blaſt of Wind overſets them, and 


in all theſe Woods one ſees. nothing but 
Firrs and Birches rooted out in this man- 
ner. The wood of the latter, Time reduces 
to Duſt without at all affecting the bark; 


and one is ſurprized to find pretty large 


Trees'that crumble upon the {lighteſt touch. 
This has probably given the hint of the uſe 
the Swedes make of it, to cover their Houſes; 
and indeed there could be nothing imagined 
fitter for the purpoſe. In ſome Provinces 
they cover the Bark with Earth, which 
forms upon the Roof a ſort of Garden, ſuch 
as are to be ſeen upon the Houſes of Up/al. 
In Weſftro-Bothnia, the Bark is bound with 
Firr-Poles, fixt a-top, and hanging down on 
either ſide of the Roof. Our Woods then 
had rather the Aſpect of the Ruins of Woods 
whoſe Trees have moſt of them periſhed ; 
And it was thro' one of theſe, one of the 
molt horrid of them too, that we mult paſs, 
with the twelve Soldiers that carried our 
Baggage. Having at length reach'd a third 

Lake 


— - 
„ — WR 


meaſured at the Polar Circle. 5 5 


Lake vety large, and the fineſt Water that Auguſt. 


can be imagined, we put our Inſtruments 
and Baggage on board two Boats we found 
there, and waited: their return upon the 
Coaſt. The high Winds, and bad Condi- 
tion of theſe Boats rendred their Paſſage te- 
dious. Vet they came back at laſt, and 
ferry'd us over to the foot of Niemi by 
Three o Clock in the Afternoon. 


T H E beautiful Lakes that ſurround this 
Mountain, and the many difficulties we had 
to overcome in getting thither, gave it the Air 
of an enchanted Iſland in a Romance, And 
indeed any where but in Lapland it would 
be a moſt delightful place. On one hand 
you ſee a grove of Trees riſe from a Plain, 
ſmooth and level as the Walks of a Garden, 
and at ſuch eaſy diſtances as neither to em- 
barraſs the Walks, nor the Proſpect of the 
Lake that waſhes the foot of the Moun- 
tain.” On the other you have Appartments 
of different Sizes, that ſeem artificially cut 
in the Rock, and to want only a Roof to 
compleat them. And the Rocks themſelves 
ſo perpendicular, ſo high and ſo ſmooth that 
you would take them. for the Walls of an 
unfiniſhed Palace rather than for the work 

E 4 of 


56 A Degree of the Meridian 


Auguſt of Nature. From this height we had Oc- 


caſion ſeveral times to ſee theſe Vapours riſe 
from the Lake, which the People of the Coun- 
try call Ha!tios, and which they deem to be 
the guardian Spirits of the Mountains We 
had been frighted with Stories of Bears that 
haunted this place, but ſaw none. It ſeemed 
rather à place of reſort for Fairies and ll 


than for 1 Bear. ; 855 1 Rot 4 3 ? 
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"THE E Day after our Arrival, 4 Fog 
hindered our Obſervations. . be 10th we 
ſuffered ſome Interruption. from the Thun- 
der and Rain, but the Day following we had 
them compleated, left NMiemi, repaſſed our 
three Lakes, and were got back to Jurtula 

_ by Nine in the Evening. We parted from 
Nurtula on the 12th, and at three in the 
Afternoon joined our Friends at the Curate's 

of Ofwwcr-Tornea, where leaving Mr. le Mon. 
nier and the Abbe Out bier, I ſet out the 
13th with Meſf** Clairaut, Camus and Cel- 
us for Horrilatero. We entred the Teng lid 
with four Boats. Its Cataracts are trouble- 
ſome, rather for the little Water there is, 
and the great number of Stones, than for 
the tapidity of its Stream. As we failed a- 
long I was · ſurprized to ſee, upon the banks 
% oy 


—— — 
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of this River, Roſes of as lively a red as any Auguſt. 
that are in our Gardens. About Nine at 
Night we reached Zorrilakero, but our Ob- 
ſervations were not finiſhed before the 17th, 
The 18th we returned to Ofwer-Tornes, 
where our whole IP was now aſſem· 
bled. | 


THE moſt convenient place for our 
Baſe had been already pitched upon. Mefi” 
Clazraut and Camus, after having carefully 
viewed the banks of the River, had deter- 
mined i its Direction, and fixed its Length by 
Signals raiſed. at elther Extremity. | 


HAVING gone up to . in a the 
Evening to take the Angles. which! muſt 
connect this Baſe with our 7. rigngles, we 
ſaw Horrilakero all in flames. It is an 
Accident not uncommon in theſe Woods, 
where there is no living in the Summer time 
without Smoke, and where the Moſs and 
Firrs are ſo combuſtible, that a Fire once 
kindled will ſpread over ſome thouſands of 
Acres. Theſe Fires, or their Smoke, have 
ſometimes retarded our Obſervations as 
much as the thickneſs of the Air. As this 
burning of Horrilatero had been no doubt 


occaſioned by our not taking ſufficient care 


to 


Auguft:to extinguiſh our Fires, we difpatched 30 


Men to cut off its Communication with 
the neighbouring Woods. But on the 21ſt, 
after we had finiſhed our Obſervations at 
Avaſaxa, Horrilakero was ſtill burning; we 
ſaw it involved in a Cloud of Smoke, and 
the Fire that had made its way downwards 
was ravaging all the Foreſt below. 


SOME of the People that were ſent 


to Hurrila tero having reported that our Sig- 


nal was damaged by the Fire, we ſent to 
repair it; and by the precautions above- 
mentioned its Centre was not hard to find. 


THE 22d we went to Poiky-Torneg 

upon the banks of the River, where the 
Signal at the North end of the Baſe ſtood, 
to take the Angles that muſt connect it 
with the tops of the Mountains. And next 
Day we ſet out for Niemiſby, where the 


South Signal had been erected, in order to 
make the like Obſervations. We lay this 
Night in a pleaſant Meadow; whence Mr. 


Camus parted next Morning for Pello, to 


prepare ſome Hutts where we might lodge, 


and to order an Obſervatory to be built on 


Kittis, where we were to make our Aſtro- 
3 I nomical 


11 


. 
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nomical Obſervations for . the Auguſt. 


Amplitude of our Arc. 


AP TE R — made our Obſervation 
at the South end of the Baſe, we went up 
in the Evening to Cuitaperi, where our laſt 
Obſervation for connecting the Baſe with 
the Triangles was finiſhed: the 26th. 


HAVING lately received the News of 
our Sector we expected from England being 
arrived at Torneg, we made all haſte to re- 
turn thither, to prepare this Inſtrument, and 
the others we werSto carry to the Obſerva- 
tory at Kittis; becauſe as the Severity of 
the Winter was more to be apprehended 
upon Kittis than at Torneg, we reſolved to 
begin our Obſervations for the Amplitude of 
the Arc, at this end of our Meridian, before 
the extreme Colds ſhould come on. While 
every thing was getting ready for the Voyage 
of Pello, we went up to the Spire of a Church 
ſituated in the Iſle of Swentzar (which muſt 
not be confounded with the Church of the 
Finlanders, in the Iſle of Biorckshn, to the 
ſouthward of Swentzar) and having taken 
the Angles which this Spire made with our 


Mountains, we failed from Torneg the 3d 
of 


"A wee TANG — — 2.2 — — : "Ig 
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 Septem. of September, with fifteen Boats, the great- 


eſt Fleet that had ever been ſeen upon the 


Jie 4? and. lay r ens at 1 


r 1 


NEXT Day we et at  Korpikyle' 


| 8 while the reſt of the Company conti- 


nued their rout to Pello, I ſet out on foot 
for Kakama with Mefſ"* Ce/fus and Outhier, 
where we arrived at ꝙ o'clock at Nig bei in 
ue In. t nr ie 


£ 'P 5 7 81 
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TH E top of \Kukitma'is'all of 2 is 


Stone diſpoſed in thin Plates, and ſeparated 


by vertical Planes that ct the Meridian at 


right Angles; theſe Stones had ſo collected 


the Rain tliat had been falling of à long 


time, that, Except the very points of the 


Rocks,” there was not the "leaſt Spot that 


was not full of — and beſides, it con- 
tinued to rain upon us all Night long. Tt 
was not poſſible for us to finiſh our Obſerva- 
tions before the 6th 5 Which coſt us a ſe-" 


cond Night's lodging upon | this Mountain, 
48 wet and cold as the former. | 


$5 i 8 | ; 45 


W E. left our Station of . with- 
out tegret.. And the continual Rains with 


the encumbered Paſſage we had to make, 


through 
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through the Wood, „having obliged us to ex- Septem. 
ert our utmoſt diligence, a five hours march 


brought us back to Norpityla, where we 
reſted that night, and ſetting out next morn- 
ing, reached Pellb on the th of September, 
where our Whole Corhpany was Howe | once 
more n 0.3 


OUR 1 the 63 8 5 
paſt in theſe Deſarts had furniſhed us ascom- 
pleata Set of Trianglesas we could have wiſhed 
for; and an Undertaking begun in ſome ſort 
at random, without knowing if it was at all 
practicable, had turned out ſo much better 
than Expectation, that it looked as if the 
placing of theſe Mountains had been at our 
own diſpoſal, The Mountains, with the 
Church of Torneà formed a Figure encloſed 
on every ſide, within which lay Horrilakero 
as a ſort of Centre, where the ſeveral Tri- 
angles that conſtituted it, met. The Figure 
it ſelf was an oblong Heptagon, placed in 

the direction of the Meridian, and happened, 
from a Property of Polygons , to be capable 
of a Verification that is fingular in this ſort 
of Operations, The Sum of the Angles of 
a Heptagon upon a Plane is goo Degrees; 
and as ours was upon a convex Surface, the 
Sum of its Angles muſt neceſſarily be ſome- 
8 I what 
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Septem. whit greater: accordingly” after” having ob- 
ſerved 16 Angles, we found it to amount to 
960. 1. 37. Near the middle of the He- 
tagon lay our Baſe, the longeſt that was ever 
uſed, and in the planeſt Surface, ſeeing it 
was upon tho Ice of the River we were to 
meaſure it. The length of our Baſe war- 
ranted the Preciſion of our Meaſures of the 
Heptugon; and its Situation in the midſt of 
fo Tall a number of Triangles ſecured us 
agar any Error of conſequence. © 
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- BESIDES, the Are of the Meridian we 
were to meaſure” was of à juſt length to give 
| our Operations the greateſt degree of Cer- 
tainty. If there is this advantage in making 
uſe of large Arcs, that the Errors one may T 
commit in determining the Amplitudes are 4 
the fame, whether the Are is great or ſmall, b 
17 
v 
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and that's ſmall Are will be more affected 
by the fame Error than a great one: on the 


other hand, the Errors in the Trigonometri- ti 
cal Concluſions will be ſo much the more n 
conſiderable as the Length meaſured is great- It 
er, and as the number of Triangles increaſes, © 
If their number is very great, and if there f 


is no Opportunity of correcting the Work, 

by the help of different Baſes, theſe laſt Er- 

rors may multiply each other i into a Sum that Cc 
ſhall 
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ſhall more than ballance the Mins ari- Septem. 


ſing from the largeneſs of the Arc. I had, 
before I left Paris, read a Memoire upon 
this Subject to the Academy, wherein I de- 
termine the length of the Arc that gives the 
greateſt degree of Certainty. Its quantity 
depends upon a Compariſon of the Exact- 
neſs with which the Horizontal Angles can 
be taken, with that with which the diſtance 
of a Star from the Zenith can be obſerved. 
And if my Reaſonings in that Paper are ap- 
plied to our Operation, it will appear that 
an Arc either much longer or much ſhorter 

| would not ſo well have ſerved our purpoſe. 


1 IN nite the . — our: Sig- 
nals, we made uſe of a Quadrant of two foot 
Radius, with a Micrometer fitted to it, which 
being verified a great many times round the 
Horizon, always gave the Sum of the Angles 
very nearly equal to 360%, We took care 
to place its Centre in the Centre of our Sig- 
nals. Each made his Obſervation, and wrote 
it down apart: and then we took the Mean 
of all theſe Obſervations, which indeed dif- 
fered very little from one another. 


UPON every Mountain we had taken 
care to mark the Elevation or Depreſſion of 
tho 
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Septem. the adjoining Signals; -; and upon theſe Ob- 


ſiervations is founded the Reduction of the 
Angles of our Figure to the Plane of the 


OUR Succeſs in this firſt part of our 
Work, where we might have met with Diffi- 
culties that it was impoffible for us to get over, 
gave us freſn Courage for that which re- 
mained, where — wy 1 


8 . abs 


other by Sides that are common, and whoſe 
Angles are known; if a Side of any one of 
theſe Triangles is given, it is eaſy to find 
all the reſt.” We eould not then fail to 
know exactly the diſtance between tlie 
Spire of the Church of Tornea, which ter- 
minated our Heptagon on the South, to its 


North Extremity at the Signal of Kitris, 


once we had meafured the length of our 


THIS Operation might well be put off 


till Winter; when we ſhould have all the 
Leiſure and all the Ice we could deſire. So 


we turnedour en to the other Branch 
* | of, 


N _ — 
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of our Works thn Detemiggtin of the Arc i Seen 
of the Meridian that lies between Tornea and 
Kittis. I have. already..qxplaincd. wherein 
this Determination conſiſted. We had toob- 
ſerve by how much the ſame fixt Star, as it 
paſſes, the Meridian, appears higher or lower 
at Torneg.than at Kitts, Or in other words, 
by how, much. this Skar, as it paſles the Me- 
ridiang is nearer ot fagther from the Zenith 
| of the.gne..than.of the-othes--of=theſe-two 
; Places. The difference betwern theſe two 
: Heights, or theſe two Diſtances from the 
Zeniths, is the Amplitude of the Arc of the 
Mer idian between K:ttzs and Torned. The 
Operation is ſimple; it 8 not even neceſſary 
to know the abſolute diſtances of the Star 
from the Zenith of each Place, it is ſuffi- 
cient.if we have their Difference. Vet, vwith 
all its Simplicity, it requires the moſt ſeru- 
pulous Exactneſs and Caution. For this 
purpoſe we had procured a Sector of about 
9 foot Radius, like that which Mr. Bradley 
uſes, and with which he made his curious 
Diſcovery of the Aberration of the fixt Stars. 
It was made at Landon under the Direction 
of that ingenious Artiſt Mr. Grabam, a Fel- 
low of the Nya / Society, who had exerted 
himſelf to give it all N and all 
the 


1 
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Septem. the Perfection that could be withed for. He 
had even taken the . to n its Limb 
ma _ own A 1 


1 were endleſs to Wa a Falles de- 
ſeription of every thing that is remarkable 
in this Inſtrument. The main Part is very 
fimple ; but its Size, the great number of 
Pieces there are for rendering it manageable, 
the Weight of a large Pyramid twelve foot 
high, that ſupports it; all this together made 
It no eaſy matter to raiſe it to the wp ok a 
n tain of r 


. E had built two Obſervatories upon 
Kittis; in the one was a Quadrant of two 
foot Radius, a Clock of Mr. Graham's, and 
an Inſtrument which we owed to the fame 
Gentleman, confiſting of a Teleſcope per- 
pendicular to, and moveable about an hori- 
zontal Axis. This we placed preciſely at 
the Center of the Signal that made the an- 
gular Point of our laſt Triangle. Its Uſe 
was to determine the direction of our Tri- 
angles with reſpect to the Meridian. The 
other Obſervatory, which was much larger, 
was built ſo near the firſt, that the Voice of 


him that counted the Pendulum s Vibrations 
could 
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could be diſtinctly heard from the one to the Seprem, 


other. The Sector almoſt took up the whole 
Room. What difficulty we had in carrying 
up ſo many Inſtruments to the top of the 
Mountain, I ſhall not mention; it is ſuffi- 
cient that we carried them up. The Sector's 
Limb we placed exactly in the Plane of a 
Meridian Line which we had traced; and 
verified its Situation by the time of the Paſ- 
ſage of a Star, ſeveral Altitudes of which we 
had taken. In ſhort, every thing was in 
readineſs for beginning our Obſervations, by 
the zoth of September; and the day followy- 
ing we made ſeveral upon the Star ꝙ of the 
Dragon, all agreeing to within leſs than 3 


Seconds. 


IN che mean time, other neceſſary Ob- 
ſervations were not neglected; we regulated 
our Clock every day by correſpondent Alti- 
tudes of the Sun; and obſerved with the 
above mentioned Inſtrument, the Paflage of 
the Sun in the Meridian, and the Hour 
when he paſt the Verticals of NMiemi and 
Pullingi. By this means we determined the 
Poſition of our Heptagon, with regard to 
the Meridian: and taking the Mean of eight 
ſuch Obſervations, non2 of which differed 
from another by a full Minute, we found the 

F 2 Angle 
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Septem. * Angle which a Line joining the Signals of. 
Kittis and Pulling; makes with the Fergus 
of Kittis to be, 289, 51. 52 


640 


ALL theſe Obſervations were performed. 
very ſucceſsfully : but the Rains and Fogs 
had fo retarded them, that we. were like to 
fall into a Seaſon of the Year that muſt cut 
off our Return to Tornea. Yet it was there 
ve had to make the like Obſervations of the 
fameStar* And this we wiſhed to have done 
as ſoon as poſſible, Jeſt the Motion of the 
Star ſhould, in a longer interval of Time, 


l 

produce ſome Error, in caſe it 10 any Mo- 
: tion to us unknown, „„ Jos. eBay 1 
171 is evident that this whole dad 
depending upon the difference of the Meri- 1 
dian-Altitudes of the fame Star ſeen from 0 
Kittis and from Tine; this star muſt, i 
duting the time of the Obſervations, either 1 
keep ert to the ſame Point of the Heavens, 1 
or atleaſt, if it does not, the Laws of its Mo- fr 
tion muſt be known, that the difference of * 
Altitude ariſing from its proper Motion may * 
not be confounded with that which proceeds ” 
ffom the Ciirvatute of the Are of the Ter- * 


reſtrial Meridian. rt | ls 
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ASTRONOMERS have, many ages 
ſince, obſerved a Motion of the fix'd Stars 
round the Poles of the Ecliptic, producing 


the Preceſſion of the Equinoxes, and a Change 
of Declination in the Stars. This can be 


eaſily taken! into che account in the preſent 


Caſe, 


BUT the Stars have another Change of 
Declination, which, however lately taken 
notice of, we may depend upon as ſurely as 
on that other. For though Mr. Bradley is 
the original Diſcoverer of this Variation, yet 
his Accuracy, and the Inſtrument he uſes, 
render his Obſervations equivalent to thoſeof 
manyAges. He has found, that in obſerving 
any Star for a whole Year together, it. is 
feen to deſcribe in the Heavens a ſmall El- 
lipfis, whoſe great Axis is about 40". This 
Aberration of the fixt Stars med at firſt 
ſubject to ſo great Varieties, that it was not 
till after a long Courſe of Obſervation that 


Septem. 


Mr. Bradley diſcovered the Theory upon 


which this Motion, or rather this Appearance 
depends, And if no leſs than the Accuracy 
of that Gentleman could have diſcoyered 
he Phenomenon, no leſs than his Penetration 

F 3 could 


70 ADegree ef ibe Meridian 
Septen. could have aſſigned its Cauſe, I ſhall not 
undertake to explain his Syſtem, which may 
be ſeen to much better purpoſe in Pbil. 
Van No. 4006. I ſhall only add, that this 
change of Place in the fixt Stars ſeen from 
the Earth, proceeds from two Motionscom- 
bined, that of the Rays of Light that come 
from the Star, and that of the Earth in its 
Orbit. If the Earth were fix d, in order to 
look at a Star through a Teleſcope, the Te- 
leſcope muſt have a certain Inclination, that 
a Ray of Light from the Star paſſing along 
its Axis, may reach the Eye. But if the 
Earth, carrying the Teleſcope along with it, 
moves with a Velocity that has any ſenſible | 
Proportion to the Velocity of Light, its In- N r 


elination muſt now be altered, elſe a Ray of | h 
Light coming along its Axis cannot enter the tl 
Eye: and the different Poſitions of the Te- I; 
leſcope will depend on the ſeveral Directions h 
in which the Earth moves at different times a 
of the Year, . A Calculation founded upon m 
theſe Data, the Velocity (and Direction) of he 
the Earth in its Orbit, and the Velocity of 10 


the Rays of Light, which is known from 

other Experiments, will produce a difference 

of Declination of the fixt Stars, agreeing 

you Mr. Bradley 's Obſervations; and thus 
| „ 
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by increaſing or diminiſhing the Star's Decli- Sptem. 


nation, by the Angles that reſult from this 
Calculation, we may conſider it as having 
remained abſolutely fixt durin gt the e 
of our Obſervations. | | 


ALT o the annual Motion of 
the fixt Stars agrees perfectly with this The- 
ory, yet Mr. Bradley has diſcovered that 
they have till another Motion, incompa- 
rably flower than theſe two mentioned, and 
which is not ſenfible but at the end of ſeve- 
ral Years. In the moſt ſcrupulous Strictneſs, 
this too ſhould be taken into the account. 
But our Obſervations lay all within ſo nar- 
row a compaſs of time, that its effect muſt 
have been quite inſenſible, or at leaſt ſmaller 


than we could hope to meaſure with our 


Inſtruments. Idid indeed conſult Mr. Brad- 
ley, to learn if he had any late Obſervations 


of the two Stars we made uſe of to deter- 
mine the Amplitude of our Arc. Although 


he had not obſerved them, becauſe they are 
too far from his Zenith for his Inſtrument to 
take them in, yet he was pleaſed to ſend me 
his laſt Diſoverics upon the Aberration, and 
this new-diſcovered Motion of the fixt Stars: 
and the Correction or Equation he ſent me 

F 4 tor 


3 2 Digrevif the Meridian 
Septem. for our Amplitude, in which he has had re- 
gard to the Preceſiion of the Equinoxes;" the 
Aberration, and this 1 Motion, differs not 
= | ſenſibly , from that Which we made for tho 
# | Preceſſion and Aberratlin only; as will ap- 
[' 2 from the detail of 2 mocng A ain 
i — : 1: 2189-039 bio 
= TH OUGH chez we may with fufficient 
il certainty depend upon the Cotrection for 
the Aberration; yet for the ſake of ſuch as 
10 may ſeruple to admit Mr. Bradics Theory, 
1 or may ſuſpect ſome other undiſcovered Mo- 
is tion in the fixt Stars, we wiſh'd that this 
Oorrection might be very ſmall ; and, for this 
= purpoſe, that the interval between our Ob- 
ſervations, at Kittis and at Torned, might be 
. 1 ſhorteſt pode: 7 | 


| WE bad had ſome ihe ever pes the 19th 
{ 5 September, and Snow on the 21ſt. Some 
part of the River was already froze; and 
this firſt im perfect Ice might render it im- 
| paſſable either to Boats or 8 for a «great 
ſl ** 


1 BY ſlaying any longer at Pells we run a 
85 riſque. o of not being able to return to Torneg, 
Il 3 y the time between eee ſhould 
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wiſe loſe ſight of our Star, by the too 
near approach of the Sun in his annual 
| * in which caſe we muſt have re- 
turn d to Kittis, in the midſt of Winter to 
— new Obſervations upon another Star: 
And to paſs the Winter Nights in making 
Obſervations upon the top of a Mountain, 
Was a ching not to be attempted. . 


4 F we ſet. out. preſently, we were in 
danger of being ſtopt by the Ice with all 
our Inſtruments, we knew not where, nor 
for how long time. Thus too our Obſer- 
vations, upon Kittis might be rendered of 
no uſe ; a Loſs which it muſt have been 
very difficult to retrieve in this Country, 

where all Summer long we could not pre- 
tend to obſerve any Star within the reach 
of our Inſtrument, on account of their 
ſmallneſs, and their being hid by continual 
Day-light : And where the Severity of the 
Winter rendered Obſervations upon Kittis 
impracticable. 


HAVING carefully weighed all the 
difficulties on either ſide, we reſolved to 
venture on the Journey. Meſſ” Camus and 

: _ Ciljus 


be longer than we wiſhed. We might like- Octob. 


Oat. 


Nevem. 
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Celfus ſet out with the Sector the 23d. 


Meff®' Clairaut and Js Monnier followed 
next Day. And the Abbe Outhier and I 


on the 26th. And by a ſingular good 


Fortune landed ſafe at Torneg'on the 28th 
of October; the People of the Country aſ- 


ſuring us they had ſcarce ever known the 
* — at that time of the Year. 


OUR ee at Tirnes * 1. 
ready prepared for receiving the Sector, we 
fixed it in the Plane of the Meridian. The 
firſt of November it began to freeze harder, 


and on the morrow the River was quite 


ſhut up. The Ice, which thawed no more, 
vas preſently covered over with Snow. And 


this vaſt body of Water, but a few days be- 
fore full of Swans and other Water-Fowls, 
was now one immenſe Plain of Ice and 


Snow. 


ON the iſt of November we began to 
obſerve the ſame Star we had obſerved at 
Kittis; and with the ſame precautions and 


ſucceſs, the greateſt differences of our Ob- 


ſexvations amounting but to one Second. 
In all which Obſervations, a faint Day- light 
had ſerved to illuminate the Threads of the 

Mlicro- 
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Micrometer. And taking the Mean of all Novem. 


our Obſervations, the Parts of the Micro- 
meten being reduced to Seconds, and due 
regard had to the Change of Declination 
cauſed by the Preceſſion of the Equinoxes 
and other Motions of the Star, our Ampli- 
tude came out to be 57. 27”. | 


OUR Work was now in a manner com- 
pleated. It was really determined whether 
the Earth was fat or prominent towards the 
Poles, without our knowing, however, on 
which fide of the Queſtion the Determina- 
tion fell, becauſe we had not yet meaſured 
our Baſe. This was an Operation in itfelf 
quite ſimple and eaſy, being no more than 
ſurveying the diſtance between the two Sig- 
nals we had erected laſt Summer; but then 
this Survey was to be made upon the Ice of 
a River in Tupland, in a Country where 
the Cold was growing every day more in- 
ſupportable; and the diſtance itſelf more 
than three . 


WE were adviſed to put off this Survey Decem. 


till the Spring ; becauſe the Days ſhould 
then be longer, and beſides, the firſt melt- 


ings of the Snow, which are immediately 
I froze 


76 A'Depreedf the Meridian 
Decem. froze again, would turn its Surface into a 
Cruſt ſtrong enough to bear us; whereas, in 
the heart of Winter the Snows are com- 
monly in che form of à ſmall dry Duſt, four 
or five foot deep, which it is impoſſible to 
paſs over. But the Apprehenſtons of being 
ſurprized by a Thaw, however ill founded 
they may appeat in the midſt of a Froſt 
that was growing keener every day, over- 
ballanced all other Conſiderations. What 
if we Wa — late, Kid we. in the 
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whether the Snow upon the River might 
not be already too deep, Meſf* Clairaut, 


Outhier and Celſius, went on the 10th of 
December to view it. They found its depth 
conſiderable, yet not ſuch as to make us 
deſpair of meaſuring our Line; ſo we' went 
all ern to — ui f 
M. me allied by hs Abbe Outhier, 
employed the rgth and zoth in adjuſting | 
eight Rods, each 30 foot long, by means of 
an Iron Toiſe we had brought from France, 
which during this Operation we kept in 
| | a 


a place where Mr. de Ræuumur's Thermo- Decem. 


meter ſtood at 15 Degrees beiow o, and 
that of Mr. P rins at 62 3 the Degree of 
Heat at Paris in April and May. Our 
Rods once adjuſted, were in no danger of 
ſuffering any Alteration in their length from 
the Cold. For we had found that Heat and 
Cold are far from producing any ſuch Ex- 
tenſion and Contraction in Firr as they are 
known to do in Iron. All the Experiments 
we made produced differences in the length 
almoſt imperceptible. From ſome of them 
J was even inclined to think, that Wood is 
by the Cold rather lengthned than contract- 
ed ; whether it is that a.little Sap remaining 
in thoſe pieces of Wood we made trial with, 
might poſſibly freeze and ſwell as liquids 
do when they are expoſed to the Cold; and 
thus communicate ſomewhat of their Ex- 
tenſion to the Wood. Mr. Camus's cate in 
adjuſting, theſe Rods had been ſuch, that 
notwithſtanding | their great length, when 
we applicd their Extremities between two 
pieces of Iron, the thickneſs of a leaf of the 
fineſt Paper more or leſs, would allow them 
to paſs very freely or not at all. | 


ON 


7 


7. brit of the Me, 
Decem. 0 N ei day the Fe of Deceniber, the 
Day, of the Winter 75 and a pretty 
remarkable one for ſuch an Enterprize, 
we began the meaſure of our Baſe towards 


E Avaſaxa, where it lay. In this Seaſon the 
; Sun but juſt ſhowed himſelf above 5 Ho- 
lights, the 1 of the Snow, 00 the 
Mieteors that are continually blazing i in this 
Sky, furniſhed 1 us light enough to work four 
Or five hours every day. At 111n the Fore- 
noon we , left the Curate s Houſe, where 
we had taken up our Quarters till this Work 
ſhould be finiſhed, and went upon the Ri- 
ver to begin our Survey; attended by ſo 
many Sledges, and ſo great an Equipage, 
that the Laplanders,, drawn by the novelty 
of the Sight, came down from the neigh- 
bouring Mountains. We parted ourſelves 
into two, Bands, each of which carried four 
of the. Rods juſt now mentioned. I ſhall 
ſay nothing of the F atigues and Dangers of 
this Operation. Judge what it mult be to 
walk in Snow two foot deep, with heavy 
Poles in ouf hands, which we muſt be con- 
'% tinually laying upon the Snow and lifting 
| 8 again: In a Cold ſo extreme, that whenever 
We 
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we would taſte a little Brandy, the only Decem. 


thing that could be kept liquid, our Tongues 
and Lips froze to the Cup, and came away 
bloody: In a Cold that congealed the Fin- 
gers of ſome of us, and threatned us with 
yet more diſmal Accidents, While the Ex- 
tremities of our Bodies were thus freezing, 
the reſt, thro ugh exceſſive Toil, was bath'd 
in Sweat. Brandy did not quench our 
thicſt ; we muſt have recourſe to deep Wells 
dug thro the Ice, which were ſhut almoſt 
as ſoon as opened, and from which the Wa- 
ter could ſcarce be conveyed unfrozen to 
our Lips; and muſt thus run the hazard 
of the dangerous contraſt which iced Water 
might produce in our heated Bodies. 


OUR Work however advanced apace, 
fix days labour had brought it to within 
about 500 Toiſes, where we had not been 
able to plant our Stakes ſoon enough. 80 


vue intermitted our meaſuring on the 27th, 
which Mefſ”* Clairaut, Camus and le Mon- 


nier were to employ in planting theſe Stakes, 


while the Abbe Outbier and I went out 


upon an extraordinary enough Adventute. 


LAST 


8 AD the Air 


Dan. I. A8 T Sammer ue had dmitted an Ob- 
; ſervation: of vety ſmall moment, and which 
might have been overlocked in a Country 
where the making -Obfervations wus leſs 
troubleſome than here. We had forgot to 
take the height of an Object that we made 
uſe of in meaſuring, from the Top of Ava- 
faxa, n and Hor- 
rilalera And to meaſure this height, I 
undertock to go with a Quadtant to the top 
of the Mountain; ſo ſcrupulouſly careful 
were we that nothing fhould be wanting to 
che perfection of our Work. Imagine a 
very high Mountain, full of Rocks, that lie 
hid in 2 prodigious' quantity of Snow, as 
well as their Cavities, wherein you may ſink 

__ tht& a Cruſt of Snow as into an Abyſs, and 
the Undertaking will appear ſcarce poſſible. 
Vet there ate two ways of performing it. 
One is by walking,” or rather ſliding along, 
upon two ſtrait Boards eight foot in length, 
which the Finlanders and Laplanders uſe to 
keep them from ſinking into the Snow. 
But this way of walking requires long prac- 
tice, The other is by truſting yourſelf to 
a Rain- Deer, who is uſed to perform ſuch 
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THE Machine which theſe Animals Decent. | 


draw is a ſort of Boat ſcarce large enough to 
hold the half of one's Body. As this tra- 
velling in the Snow is a kind of Navigation, 


that the Veſſel may ſuffer the leis. reſiſtance 


in its Courſe, it has a ſharp Head and a nar- 


this Keel it tumbles ſo from fide to fide, 
that if one takes not good care to ballance 
himſelf, it will be in danger of over- ſetting 
every moment. It is fixt by a thong to the 
Collar of the Rain- Deer, who, as ſoon as 
he finds himſelf on a firm beaten Road, 

runs with ineredible Fury. If you would 


ſtop him, it avails little to pull a fort of 
Rein which is tied to his Horns. Wild 


and unmanageable, it will only make him 


change his Track, or perhaps turn upon 


you, and revenge himſelf by kicking. If 
this happens to a Laplanger, he turns the 


Boat over him, and uſes. it as a Buckler a- 


gainſt the Attacks of the Rain-Deer. But 
as we were Strangers to this Adreſſe, we 
might have been killed heforę we could put 
ourſelves in ſuch a poſture of Defence. Our 
only Defence, was a little Stick each of - us 
had got in his hand, by way of Rudder 
A Fl: te 


row Keel, like an ordinary Boat; and on 


2 
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Decem. to ſteer our Courſe, and keep clear of the 


Trunks'of Trees. In this manner was J to 
climb Ava/axa, accompanied by the Abbe 
Outhier, two Men and a Woman of the 
aa ag Mr. Brunnius their Curate, 


F# IT F # 


TH E firſt part of our Journey w was e 
in a moment; our fight over the plain bea- 
ten Road from the Curate 8 Houſe to the 


foot of the Mountain can be compared only 


to that of Birds. And tho the Mountain, 
where there was no track, very much abated 


the ſpeed of our Rain- deer, they got at. 


nett to the top of i it 3 where we immedi- 
ately made the Obſervation for which we 
came. In the mean time our Rain- deer 
had dug deep holes in the Snow, where they 
browzed the Moſs that covers the Rocks. 
And the Laplanders had lighted a great Fire, 
at which we preſently joined them to warm 


ourſelves. The Cold was ſo exceeding great, 

that the Heat of this Fire could reach but 
to a very ſmall diſtance. As the Snow juſt 
by it melted, it was immediately froze a- 


| gain, forming a hearth of Ice all round. 


IF. our Journey up hill had been pain- 


ful, our Concern now was leſt our return 
ſhould 
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mould be too rapid. We had to come down Decem. 


aſteep, in Conveyances, which, though partly 
, funk i in the Snow, flid on notwithſtanding, 
drawn by Animals whoſe Fury in the Plain 
we had already try d, and who, though 
ſinking in the Snow to their Bellies, would 
endeavour to free themſelves by the Swift- 
neſs of their flight. We very ſoon found 
ourſelves at the bottom of the Hill; a mo- 
ment after, all this great River was croſſed, 
and o we back at the Curate 8 Houſe. 


NEXT day we finiſhed our Survey; 
and had now no reaſon to regret the Toils 
we had gone thro', when we ſaw what ſur- 
prizing exactneſs the meaſuring upon a Sur- 
face of Ice had given us. 'The difference 
between the Meaſures of our two Compa- 
nies was but four Inches upon a diſtance of 
7406 Toiſes 5 feet. An exactneſs not to 
be expected, and almoſt incredible. We 
look ' upon it as an effe& of Chance, and 
that there muſt have been greater differences, 
but which in the courſe of our Work had 
compenſated each other ; for this ſmall dif- 
ference of four. Inches roſe all in our laſt 
day's meaſuring. Each of our Bands had. 
meaſured every day the fame number of 

G 2 Toiſes; 
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Detem. Toiſes; and the difference every day was 


but one Inch which the one or the other 
had gained. This coincidence, which was 
oy owing partly to the Ice, and partly to our 


| own Accuracy, ſhewed at the fame time 


the perfect equality of our Rodi; for the 
ſmalleſt difference in their lengths, muſt, 

| in fo great a diſtance, have been multiplied 
0 to a conſiderable Sum. 


0 E and) dailies den db our 
Are; and our Figure, every other way de- 
termined; wanted only to be applied to its 
Scale, that is, to the length of our Baſe. 
This we were now Maſters of; and imme- 
diately found that the length of the Arc of 

che Wicridian intercepted between the two 
Parallels that paſs through the Obſervatories 
of 'Torned and Kittis is 55023 + Toiſes. 
That the Amplitude of this Arc being 57 
27”. the Degree of the Meridian at the Po- 
lar Circle is greater by 1000 Toiſes than it 
ſhould be according to Mr. Caſſini, in his 
Treatiſe On the * and Fi gure of the 
Earth, 


THIS Operation I we made 
haſte to get back to Tornes, to ſecure our- 
ſelves 


Be * * IS © « = 
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{elves the beſt we could againſt the growing Decem. 
Severity of the Seaſon. 


bf HE Town of Tornes, at our Arrival 
on the 3oth of December, had really a moſt 


 frightful Aſpect. Its little Houſes were bu- 


ried to the tops in Snow, which, if there 
had been any day-light, muſt have effectu- 
ally ſhut it out. But the Snows, continu- 
ally falling, or ready to fall, for moſt part 
hid the Sun the few moments that he might 


have ſhowed himſelf at Mid-day, In the 
Month of January the Cold was increaſed 


to that extremity, that Mr. Reaumur's Mer- 
curial Thermometers, which at Paris, in 
the great Froſt of 1709, it was thought 
ſtrange to ſee fall to 14 Degrees below the 
freezing point, were now got down to 37- 
The Spirit of Wine in the others was fro- 
zen, If we opened the door of a warm 


room, the external Air inſtantly converted 
all the Vapour in it into Snow; whirling 


it round in white Vortexes. If we went 
abroad, we felt as if the Air were tearing 


our Breaſts in pieces. And the cracking of 


the Wood whereof the Houſes are built, as 
the violence of the Cold ſplit it, continu- 
ally alarmed us with an approaching in- 

[WY creaſe 
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Deren creaſe of Cold. The Solitude of the Streets 


was no leſs than if the Inhabitants had been 
all dead: And in this Cbuntry you may 

often ſee People that have been maimed, 
and had an Arm or a Leg froze off. The | 
Cold, which 1s always' very great, increaſes 
ſometimes by ſuch violent and ſudden Fits, 
as are almoſt infallibly fatal to thoſe that hap- 
pen to be expoſed to it. Sometimes there 
riſe ſudden Tempeſts of Snow, that are ſtill 
more dangerous. The Winds ſeem to blow 
from all Quarters at once, and drive about 
the Snow with ſuch F ury, that in a moment 
all the Roads are loſt. Unhappy he who 
is ſurprized by ſuch à Storm in the Fields, 
His Acquaintance with the Country, or the 
Marks he may have taken by the Trees, 
cannot avail him. He is blinded by the 
Snow, and loſt if he ſtirs but a ſtep. 


91 F the Earth! in this Climate! is thus hor- 
, the Heavens preſent to the Eye a moſt 
beautiful Proſpect. As ſoon as the Nights 
begin to be dark, Fires of a thouſand Colours 
and Figures light up the Sky, as if deſigned 
to compenſate, to a Country accuſtomed to 
ſuch length of day, the abſence of the Sun 
in this Seaſon, Theſe Fires have not here, 

A 5 
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as in the more ſoutherly Climates, any con- Decem. 


ſtant Situation. Though you may often 
ſee a luminous Arch fixed towards the North, 
they ſeem more frequently to poſſeſs the 
whole Extent of the Hemiſphere. Some- 
times they begin in the form of a great Scarf 
of bright Light, with its Extremities upon 
the Horizon, which, with a Motion re- 
ſembling that of a Fiſhing-Net, glides ſwift- 
ly up the Sky ; preſerving in this Motion a 
direction nearly perpendicular to the Meri- 
dian. Moſt commonly, after theſe Preludes, 
all the Lights unite at the Zenith, and 
form the top of a ſort of Crown. Arcs 
like thoſe we ſee towards the North in 
France, are here frequently ſituated towards 
the South: And oftimes towards both 
North and South at once. Their Summits 
approach each other, while the diſtance of 
their Extremities widens towards the Hori- 
zon. I have ſeen ſome of the oppolite Arcs 
whoſe Summits almoſt joined at the Ze- 
nith: And both the one and the other have 
frequently ſeveral concentric Arcs beyond it, 
Their tops are all placed in the Direction 
of the Meridian, though with a little Decli- 
nation to the Weſt ; which I did not find 
to be conſtant, and which ſometimes is in- 
G 4 ſenſible, 
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ans, ſenſible. Some of theſe Arcs have tlieir 
1737. greateft width at the Horizon; which con- 


tracting as they riſe; gives them the form of 
more than half a great Ellipſe. It were 
endleſs to mention all the different Figures 
theſe Meteors put on, and the different Mo- 
tions Wherewith they are agitated. Their 
Motion. is moſt commonly like that of a 
pair, of. Colours waved 1 in the Air, and the 
different Tints of their Light give them the 
appearance of ſo many vaſt Streamers of that 
ſort of Taffetas which we call changeable. 
gdometimes they line a part of the Sky with 
Scarlet. On the 18th of December I ſaw 
at Ofater-Tornes a Phenomenon of this kind, 
which raiſed my Admiration, in the midſt 
of all the Wonders I, was now every day 
accuſtomed to. There appeared to the 
South, a great — of the Sky tinged with 
2 lively a red, that the whole Conſtellation 
of Orion look d as if it had been dipt in 
blood. This Light, which was fixt at firſt, 
ſoon moved, and changing into other co- 
lours, Violet and Blue, ſettled into a Dome, 
whoſe top ſtood a little to the South-weſt 
of the Zenith. The Moon ſhone bright, 
but did not in the leaſt efface it. In this 

Sante, where thete are Lighis of ſo many 
| diffe- 
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different=colours, I never ſaw but two that Jans. 


were ted and ſuch are taken for Preſages 
of ſome great Misfortune. After all, when 
People look at theſe Phenomena with an un- 
philoſophic eye, it is not ſurprizing if they 
diſcover in them fiery Chariots, Armies en- 
gagedd, and a anch other Prodagies... 


] WE had thut 0 our - {elves 1 up at Tornes i in 
a kind of inaction, till the Month of March 
that. we could venture out upon new Dif- 
coyeries. 


IN the mean time, the great difference of 
our Arc, from what it muſt have come out 
upon Mr, Caſini's Hypothefis, aſtoniſhed us; 
and we reſolved, however inconteſtable our 
Operations were, to ſubmit the whole Pro- 
ceſs to a moſt TOON Examination, 


As for our Triangics, their Angles had 
been obſerved ſo often, and by ſo great a 
number of Perſons, that this part of our 
Work could fall under no manner of ſuſ- 
picion. It had even an advantage above any 
thing that has been done in this kind. It 
has commonly been thought ſufficient to 
find two Angles of a Triangle by Obſerva- 
tion, and the: third -by ſubtracting their 

Sum, 


Fany. 
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Sum from 180 Degrees. This Method would 
have been extremely convenient for us, and 


would have ſaved us many à difagreeable 
hour upon the tops of theſe Mountains 3 
yet we had willingly facrificed this Conve- 
nience to the pleaſure of knowing from ac- 
n Obſervation . Anglo; in our Figure. 


BESIDES, tho' to n the Diſ⸗ 
tance between Torned and Kittis, no more 


than 8 Triangles were abſolutely neceſſary, 


we had obſerved ſeveral ſupernumerary ones, 
and by this means our Heptagon furniſhed 
us Combinations or Series of Triangles with- 


"THUS one part of our Work had been 
Jones: one. may ſay, a great many times 


over ;: and there remained only to calculate 


and find what different Lengths might re- 
ſult from theſe different Series of Triangles. 
We had the patience to make trial with no 
leſs than 12 Series; and though ſeveral of 
our Angles were too ſmall to be admitted in 


ſuch Calculations, the higheſt difference in 


the diſtances of Kittis and Tornea, deduced 
from theſe Series, roſe but to 54 Toiſes. 


We — upon two, which we judged pre- 


ferable 
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ferable to the others, and which gave a dif- Tann. 


ference of 4 Toiſes. And the Mean of this 
we uſed to determine the Length of our 


AE 


SUCH a perfe& Agreement would have 
ſurprized us, if we had not remembred what 
pains and time had been beſtowed upon the 
taking of theſe Angles. Eight or nine Tri- 
angles had coſt us 63 days; and every Angle 
had been obſerved ſo often, and by ſo many 
different Perſons, that the Mean of them 
all could not but come very near the Truth. 


THE ſmall number of our Triangles 
enabled us to make an odd enough Calcula- 
tion, which gives the ſtrict limits of all the 
Errors that bad {kill and bad luck put toge- 
ther can produce. We made a ſuppoſition, 
that in every Triangle we had committed an 
Error in two of the Angles of 20“ each, 

and in the third of 40”; and that all theſe 
Errors lay the ſame way, tending always to 
diminiſh our Arc. And having made a 
computation upon this ſtrange Suppoſition, 
we found that the Error could amount to 
but 54x Toikes, 


OUR 


| Far... 
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0 U R extreme Care in 8 hs Baſe 


left no room to ſuſpect we had failed in this 


part. The agreement of ſo many ſkilful 


Perſons, who writ down, each ſeparately, 


the number of Rods, and the repeating of 
this Meaſure with 4 difference of no more 
than 4 Inches, were a more than ſuffici jent 


. 


"W E turned ke the reſt ofour Scru- 
tiny upon the Amplitude of the Arc. The 
ſmall difference there was amongſt our Ob- 
ſervations, both at Kittis and at Tornea, left 


no doubt as to the manner of Obſerying. 


AN. D confidering, the Solidity and Con- 
ſtruction of our Sector, with the Precautions 
we had taken in carrying it from Place to 
Place, there was no great ground to fear it 
bad met with any accident to put it out of 
order. di 85 


Is Limb, Teleſeope and Centre, make up 


but one Piece, and the Threads in the Focus of 
the Object-Glaſs, are two Silver Wires, fixed 
by Mr. Grabam himſelf, ſo as they can ſuf- 


fer no change in their ſituation, and remain 


always 


— „ wy 
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always i in the ſame degree of Tenſion, whe- Jans. 
ther it is hot or cold. Thus the only diſorder 


that could happen to this Inſtrument would 


be the mum 1 its Teleſcope. 


BUT upon n R the effects of any 
Alteration of this ſort, it will appear, that 
to occaſion an Error of one Second in the 
Amplitude of our Arc, there muſt be a bend- 
ing ſo conſiderable as to be very eaſily per- 


ceived, Incloſed i in a ſtrong Caſe it had 


been conveyed i in a Boat from Kittis to Tor- 
ned, under the care of one of us, put on 


ſhore at the Cataracts, and carried by Men. 


1H E ſituation of the Star which we had 


obſerved, enſured us againſt what happens 


to the Teleſcopes of large Inſtruments, when 
they are directed to an Object at a con- 
ſiderable diſtance from the Zenith; their 
weight alone muſt bend them while they 
are in this inclined Poſition: and the method 


of obſerving with the two different Sides of 


the Inſtrument, tho it may prevent ſome 

other Miſtakes, cannot correct this. For if 

in obſerving with the face of the Inſtrument 

towards the Eaſt, the Teleſcope has ſuffered 

any n, when you turn its face to the 
| Welt, 


— —— 


— 


bes. ho, it will aber nearly be Gane Inflection f 
the contrary” way; ſo that the ſame Point 8 
may anſwer to the Zenith in either Obſer- t 
vation, and yet the Stats diſtance from the 8 
Zenith not be juſtly meaſured: The diſtance f 
of our Star from the Zenith of Kittis was 0 
but half a Degree, and conſequently our Te- v 
lefoope; in a fituation 1 erect,” could ſuffer N 
ne alteration.” {13 if | | ; 8 

r 11 : fi 
| THOUGH; on all theſe netounts, w S 
had no reaſon to doubt of our Amplitude's 
being accurately meaſured; yet we would 
be aſſured by experience that it was fo ; and b 
for this purpoſe employed a Method which d 
was indeed the moſt troubleſome, but muſt tl 
be at'the fame time the moſt ſatisfactory, as E 
it would at onee diſcover to us the goodneſs 7 
of our Inſtrument, and how far we might 
depend upon the Actiiracy' of our Obſervas 1 
tions, e ti 
et 30+ 7075 | ta 
'T THIS Verification confiſted in determin- * 
ing the ſame Amplitude by the means of ano- 
ther Star. We watched therefore an occaſion of 
making ſome Obſervations near one another, D 
which' is difficult in a Country where there 1 
are kiste ter or four clear Nights together. ſt 


And 


r Fw 0D vw Yo” Yor — 


r 


r 


 Tornes, gave for the Amplitude 57. 302 
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And on the 17th of March 1737, having be- March. 


gun, at Tornes, in the ſame place as before, 
to obſerve a of the Dragon, and got three 
good Obſervations of this Star; we ſet out 
for Kittis to make the like Obſervations there. 
Our Sector was conveyed upon a Sledge that 


vent very {ſlowly upon the Snow; the ſoft- 
eſt Carriage that can be imagined. Our new 


Star was nearer ſtill to the Zenith than the 
former, being ſituated but a quarter of a De- 
gree from the Zenith of Tornek. 


WE could. readily place our- Inſtrument 
by means of the Meridian Line that had been 
drawn in our Obſervatory at Kittis; and 


the 4th of April, began our Obſervations of April. 


& ; three of which compared with thoſe of 
which exceeds that found by the Star 4 by 
3'+ 3 allowance being made for the Aberra⸗ 


tion of Light : and if the Aberration is not 


taken into the account, the difference would 
not be 1”, 1802 4015881 


A difference ſo very inconfideralile that it 
might be owing to the Errors in obſerving, 
and which, as will appear from the Sequel, was 


ſtill lefs than it appcarel, # was a ſtrong Proof 
both 
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April. both of the goodneſs of the Inſtrument, and 
| of the truth of our Obſervations, 


| TAKING now a Mean, between the 
Amplitude found by the Star & and that 
found by a, the true Amplitude comes to 
be 57. 282, which compared with the 
meaſured Length of 550234 Toiſes, gives 
for the Degree that cuts the Polar Circle, 
57437 Toiſes, exceeding that of Mr. Picard 
between Paris and Amiens by 377 Toiſes. 


-BU T it muſt be obſerved, that the Aber- 
ration of the fixt Stars was not known, nor. 
could be taken into the account by Mr, Pi- 
card. If his Amplitude is corrected by it, 
and by the Precgſton of the Equinoxes and Re- 
fraction, both which he had neglected, it will 
be 19. 23. 6, which compared with the 
diſtance meaſured 788 50, gives to a Degree 
56925, ſhort of ours by 512 Toiſes. 


AND if the Aberration was ſet afide, our 
Amplitude would be reduced to 57. 25”, 
which compared with the Arc would give 
to the Degree 57497, exceeding 57060 

| TS, which Mr, Picard had found in a 
| Degree, 
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Degree, without reckoning end Her ati April, 
by 437. 


(OH MY Tart 


LAST of all; with the Aberration, our 
Degree diffets by 9 50 Toiſes from hat it 
ſhould be by Mr. Cafin's and ſetting 
aſide the Aberration, by 1000. 

WHENCE it is erat, That the Earth 
FL _— 7 W the Poles. * 


DURING our whole Stay in the e frigid 
Zone, the Cold was ſo exceſſive, that the 7th 


of April at 5 in the Morning, the Thermo- 
meter was fallen to 20 Diviſions below the 
Point of Freezing, although every Afternoon 
it roſe two or three Diviſions above it: a dif- 


ference of height not much leſs than that 


which the greateſt Heats and Colds that are 
felt at Paris uſually produce in the Ther- 
mometer. Here, in the ſpace of 12 hours, 
we had all the variety that is felt in the tem- 
perate Zones in a whole Lear. | 


WE carried our Scrutiny even to the di- 
rection of the Heptagon, with reſpect to the 


Meridian. This Direction, as above men- 


tioned, had been determined upon Kittis by 
1 a 
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April, a great number of Obſervations of the Sun's | 
Paſſage by the Verticals of NMemi and Pul- 
lingi, and it was not probable we had miſ- 
placed our Figure, the Triangles that com- 
poſed it being ſo few in number, and the 
Sum of its Angles coming ſo near to juſt goo 
Degrees: yet we choſe, to ſettle this Point 

once nn ne 1 


4 
! 
| 
15 


| WE took a different Method from that 

which we had uſed at Kittis. We meaſured 

. the Angle between the Sun in the Horizon, 
and one of our Signals, marking the time of 
the Obſervation: and three ſuch Obſervations 
Save us, at a mean, the ſame Angle, within 
34 as we had found at Kittis. | 


| H AVING thus gone over every part of 

our Work a ſecond time, it remained only to 
examine the original Conſtruction and Di- 
viſion of our Sector. There was not the 
leaſt reaſon to ſuſpect it; but having ſome 
leiſure till the Seaſon for travelling ſhould 
come on, we would employ a part of it in 
this Examination. Our Method deſerves a 
particular Deſcription, being ſingular; and 


of uſe to ſhne What _ be expected from 
4 _ 
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ſuch an Inftrument, and how to diſcover May. 


any Alteration it may chance to receive. 


THE 4th of May, we laid out (ſtill upon 
the Ice of the River) a Radius of 380 Toiſes, 
1 Foot, 3 Inches, o Line; having mea- 
ſured it twice without finding anydifference. 
We planted two firm Poſts with two Marks 
in a Line perpendicular to the Extremity of 
this Radius, and having meaſured the diſtance 
between the Centers of the two Marks, we 
found it to be 36 Toifes, 3 F. 6 In. 63 Lin. 
This Line was our Tangent, | 


WE placed the Sector horizontally in a 
Room, upon two firm Supports that reſted 
upon a Vault, ſo that its Center was pre- 
ciſely at the Extremity of our Radius of 380 
Toiſes, 1 F. 3 Inches; and five of us having 
ſeverally taken the Angle between the two 
Marks, the greateſt difference amongſt our 
Obſervations not amounting to full 2”, their 
Mean was 5®. 29. 52%. Now Mr. Gra- 
ham had ſignified to us that the Arch of 5+ 
Degrees on the Limb of this Inſtrument was 
too ſhort by 3. ſubtracting theſe 34 our 
Angle is 5. 29. 48". 95. But the Angle, 

| H 2 by 
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May. by Calculation, is 5. 29. 50%, differing 


from _—_ obſerved no more thaw 1 4 


IT may from, Sacks that a, Sector 
which, in ſo.temperate a Climate as that of 
Londen, was found to, be of 50. 2. 502, 
and was divided in a Room probably not 
cold, ſhould at Tornea remain preciſely of 
the ſame length, at the making this trial, 
© when its parts were no doubt contracted by 
the Cold. But the ſurprize will ceaſe, if it 
is remembered, that this Inſtrument is all 
of the fame matter, and that conſequently 
all its parts muſt be contracted proportion- 


ally, its figure remaining ſimilar to what it 


was before, as we found it had done. 


HAVING found the total Arc of the 
Sector ſo exquiſitely juſt, we would next ſee 


if the two Degrees of its Limb, which we 


had uſed, the one for ꝙ and the other for a, 
were perfectly equal. Mr. Camuss Adreſſe, 


to which we had been obliged upon ſo many | 


other occaſions, helped us to make this Com- 
pariſon with all the accuracy imaginable. 
And taking the Mean of 5 ſeveral Obſerva- 
tions made by different Perſons, the Degree 
we had made uſe of for ꝙ came out greater 
N r than that which \ we had uſed for a. 

WE 


TS a at; — ac a+» 


meaſured at the Polar Circle. 101 


WE were ſurprized to ſee that this ine- 


quality of the two Degrees made the ſmall 
difference between our two W e {till 
lefs, reducing it from 30 to 2.2. And it will 
appear from the detail of our Operations, 
and from the Method we uſed to diſcover it, 
that this difference, ſmall as it is, may be 
reckoned upon with great Certainty. 


IN the ſame manner we verified not only 


the total Arc of the Sector, but different 


Arcs which we compared together. And 
this Verification from Arc to Arc, joined to 
that of the whole, ſatisfied us that we could 
neither have wiſhed nor hoped for any thing 
more exquiſite in its kind. 


WE could not conceive any thing more 
that remained for us to do, with reſpect to 
the meaſure of a Degree of the Meridian» 
For I ſhall ſay nothing at preſent of our Ex- 
periments upon Gravitation; a Subject no 
leſs important than the other, and which we 
treated with equal care. Let it ſuffice to 
aſſure whoever has a mind to examine the 
Earth's Figure by theWeight of Bodies, after 
the Example of Sir Jaac Newton, Mr. Huy- 


| H 3 gens, 


May. 
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May. gens, and others (to whoſe Names may I be 


permitted to add my own) that they will 
find all the Experiments we made in the 
North to that purpoſe, as well as thoſe we 
are told Me Godin, Bouger, and la Con- 
damine have made at the Equator, will con- 
cur in making the Earth flat towards the 
Poles. 


MEAN time, the Sun was now come 
nearer, or rather no more quitted us, It 
was curious enough to ſee him enlighten for 
ſo long a time, a whole Horizon of Ice, and 


to ſee Summer in the Heavens, while Win- 


ter {till kept poſſeſſion of the Earth, We 
were now in the Morning of that long Day 
of ſeveral Months; yet the Sun, with all his 
aſſiduity, had wroughtno change either upon 
the Ice or Snows. 


THE 6th of May it began to rain, and 
ſomeWater appeared on the Ice of the River. 


At Noon a little Snow melted; but in the 
Evening, Winter reſumed his Rights. At 


length, on the loth of May, the Earth which 
had been ſo long hid, began to appear; 
ſome high Points that were expoſed to the 
Sun, ſhewed themſelves, as the tops of the 
3 Moun- 
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Mountains did after the Deluge, and all the June. 
Fowls of the Country returned. Towards 
the beginning of June, Winter yielded up 
both Earth and Sea. We bethought us forth- 
with of our Journey back to Stockbolm ; and 
ſet out the gth of June, ſome of us by Land, 
and others by Sea. But the Sequel of our 
Adventures; and our Shipwreck in the Gulph 
of Bothnia, belong not to the preſent Sub- 
je, 
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5 PARTE 
Aeg the Operations for mea- 
2 the N -& che Meridian. 


h— 
5 wad " * 


PEER 


— 
— 6 „ 


0 H A; P. * . 
Ohhervations for forming the Trian- 
gles, and determining. their Poſi- 
tion, with reſpeci ta tbe M, eridian 
Line. > a 


—_— 


J. 
The Angles Obferved. 


LL thefe Angles. were taken with a 

Quadrant of 2 foot Radius, arm'd. 
with a Micrometer ; which Inſtrument ve- 
rified ſeveral times round the Horizon, gave 
always the Sum of the Angles very near e- 
qual to 360. 


5 


ADerirt the lu ue ros 


THE Dexiengh of Seconds are kel as 
they aroſe in the arithmetical Reduction of 
the parts of the Micrometer to Seconds ; but 
we would not for that be thought to 2 
to an imaginary 9 nr 94 


* oLLowWs a Fable of the Angles ob- 
ſerved, with the Elevations of the Objects, 


where the Sign ＋ or — marks their being 
above or Belo the Horizontal Line. 


les reduced to , 
Angles obſerved. * r | Elevations. 


In the Spire of ad Church of Tornel. 


wo 1 4 I 4 

CTK.. 24 23 0,2 2 22 9,8 a SST: 

And by the Re- + ? {da Fig. I, 
duction on account 
of the Centre of the 
Inftrument its be- * 
ing 5 foot diſtant 
from the Centre of 
the Spire in the Di- | 
rection of Cuitape-| 
ri 
_ 7; 24 22 5445 
In. . 19 38 20,9 19 38 20,1 * +30 

And by Reduc- | 


| 


tion for the place 


of the Centre of the 

Inſtrument. p #2 | 

| > FE" P . 19.38 17,8;|K.. +8 40 
PR The Horizonof 
| the Sca —11 0 


Angles 


— — — 


r ⁰˙ m . 6. mods. SO OR oe 
* 
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Fig. 1. 


Angles obſerved: il, Hue, Elevations, | 
— reer — — |< Bod ww — — — 
* Upon Niwa. 
10 - 4 * 61 1 
Tu K.. 87 44 24,8] 87 44 19,4 7. —17 40 
Hn K., 73 58 6,5] 73 58 6,7 K... +16 30 
AnK.. 95'29 52,5] 95 29 54,4 A... + 4 40 
AnH=AnK—HnK} 21 31 48,7 H.. — 0 30 
AnH==2 1: 32 16,9 21 32 16,3 | 
Whence AH is | 21 32 2, 
Cx... 31 57 8 31 57 3.60 [C +10 0 
Upon Katama. | 
Tn... 72 37 20,8| 72 37 27,8 |... —22 50 
CK... 45 50 46,2| 45 50 44,2 [C... — 4 45 
 HKn.. 89 36 0,4| 89 36 2, 4H... — 5 10 
- HKC=nKH—CKn| 43 45 18,2 | 
HRC. 43 45.46,8| 43 45 47,0 
HRC. 43 45 41,5| 43 45 417 
Whence HKC is 43 45 35,6 | 
CKT=CKn+1KT | 118 28 12,0 [T.... —24 10 
HKN.. 9 41 48,11 941 47,7 IN... — 810 
Upon Cuitaperi. 
. | | K.. — 6 10 
KC... 28 14 56,9] 28 14 54,7 u.. —19 0 
TCK... 37 9.15,0] 37 9 12,0 [T... —24 10 
HCK 100 9,46,4|100 9 56,8 H.. — 2 40 
230 66 53,4 A L 5 0 


ACH. 30 56 54,4 
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— Angles obſerved. | , * 2 4 Elevations. — 
Upon Avaſaxa. 

5 „ 7 9931 75 [ 2 4 „1 

HAP. 53 45 58,10 53 45 56,7 P.. + 4 50 

HAx. . 24 19 34,8] 24 19 38,0 [H... — 8 o 

xAn... 77 47 46,71 77 47.4955 a . —10 40 

xAC... 88 2 11,0 88 2 13,6 [C.. — 14 15 

HAnz=H Ar Lx An 102 7 24,5 [. .. 20 20 
HAC—=CAx+xAH 112 21 48,6 | 

C41...10 13 54,2 10 13 52,8 8 


Upon Pullingi. 


 9PN 87 52 9, 7] 87 52 24, 3 


AH. 31 19 53,71 31 19 55,5 
NPH 37 21 58,9] 37 22 21 


IH... —22 O 
If... — 18 10 


9.... —32 40 


Upon Kittis. 


6 ® — 
ed — 


LN. —26 50 


* 


Upon Niemi. 


| 
PV 531 53 13,7] 51 53 443 
PNH 93 25 8,1 93 25 7,5 


PR — 


NP. 40 14 57:8 40 14 aki b 30 
5 xs 1 0 


I +18 30 
2... —14 o 
H.. — 2 40 


HNK 27 11 55,3] 27 11 53,3 


IX.. —14 0 


Angles 


a 08 A Dara, of the Meridian 


Angles reduced to 
=. — 


0 e 


| E evations: 


— —y 


Ber lakers 


CH... 19 38 21, 58 
CHA. 36 42 4,3 
AHP.; 


N 49 13 11,9 
EHu. 16 26 6, 7 


= 4 Pr 


+94 53 49,7 


* 
; 


19 0 21,0 
36.42 34 
94 53 49,7 


49 13 953 
16 40 6,3 


Ll — 


. —16 13 
4K. 0 © 

8 1 50 
N. — 5 0 
K.. — 12 30 


36 4 5.7 


C.. — 


mmol 


T 


Angle for ad the BaſeBbwrith the Tops 


— ak * | 


| Angie — to 
the ſame Plan. 


» of Avalaza and Sr 


Elevations of the 
Objects ſeen from 
the Point B. 


o| 


— ew 


ABS... 
AbB.. 77.31 48, 1 
82.5 762 


9 . 4402 


921 6,0 BC, and ABA, 4 
| BC to the ſame 


Reducing AB, y 


Plan ABC, and 
taking a Mean 
| 


between the two 
Values of ABC 


ABy.. 61 30 6,4 
C.. 41 12 34 
ABN. 46 5 57,5 

2BC., 56 34 22,2 


ACB.. 54 40 28, | 


thus round, we 
had 


ABC. 104 4 13,5 


. 
Z.. 


= 


** * 


Sed ES 
A. T 40 30 


Y..+1 23 30 
+Fr45 
+111 9. 


is 4 Bb 


BAC.. 22 37 : 20, 6 


| 


——_— 


1 


| The Letters x, y, x, Abl the intermediate 
Objects that were uſed to take the Angle 


ABC at twice, being greater than go®. 


II. 
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II. 


9 Obfrvation upon Kittis for drawing the 
Meridian Line. 


1 HE Inſtrument with which theſe Ob- 
treations were made conſiſted of a Tele- 
ſcope 15 Inches long, moveable round a 
horizontal Axis to which it was perpendi- 


cular. This Inſtrument was placed upon 


the Centre of the Signal of Kittis, where 


dhe height of the Pole is 66*. 48'. 20”, and 


whoſe Longitude Eaſt from Paris anſwers, 
we ſuppoſe in that Calculation, to 1*. 23˙ 


THERE was in the ſame place a Clock 
which we regulated every day by correſpon- 
dent Altitudes of the Sun. And the Hour 
of the paſſage of the Sun's Centre, which 
we determined by the paſſages of his two 
Limbs, is in this Table given in true time. 


Pag 


| Paſage of che Sun's Centre by the Vertical 
- of the Signal of Pullingi. 


75 Afternoon. 

| h 8 # N : 
tomb. 4 4 4 | Os Ded. 9 & DO 3 O 40 
ober at 1 50 751 O's Decl. 3 24 1 

n e 48 O's Decl. 3 47 19 

7 October at 1 51 544 ©'s Deel... . - 5 42/56 

3 142 1O's 3 6 


| Paſſages of the Sun's Centre by the Vertica 107 
2 the Signal of Niemi. 
1736. Before noon. ] FH 


h | 
4 October at 11 16 37 O's Ded. .-. 4 31 22 
7 October at 11 16 155 Sr „. jy 40 26 


Ober at 11/16 12 [O' Decl. 3 39 

l 

f 

p 

t 

p 

| f 

1 1 

5 f f 

: CHAP. RE 
f 
/ 1 
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a AAA AAAAA 22822 


CHA P. II. 


The Angles formed by the Meridian 
Line with the Lines drawn from 
Eittis 70 Pullingi, and to Niemi. 


THE Method we uſed, to find from Fig. 3. 


1 theſe Obſervations, the above-men- 
tioned Angles, confiſts in reſolving the two 
ſpherical Triangles PZ S, P Zs, where we 
have given; the Side P = 235. 11, 40”. 
being the diſtance of the Zenith of Kittis 
from the Pole; P Sor Ps, the Compli- 
ment of the Sun's Declination at the time 
of Obſervation ; and the Angle Z PS or 
Z Ps, which is known from the time of 
the Sun's paſſage by the Vertical Z þ or 
ZN of Pullingi or Memi: Whence are 
found the Angles HZ þ and H ZN, or 
Hb and HAN, which Lines drawn 
from Kittis to Pullingi and Niemi make 
with the Meridian. 


THE 


8 TH in a8 15 | IE 
x12 A Degree of the Meridian + 


T H E Angles "deduced from the. baer 


Obſervations are as follows: . 


The Decl. of naue, De. of Nie Eaſt, 
we * | 

ae or. 

'20 Sept. 280 * 84 eee 

1 Octob. 28 51 56000 15 


2 Octob. 28 52 5 = 0 
o 5 23 30 
7 Octob. 28 51 43 .» 23-28 


8 Octob. 28 52 6 


| 11 22 31 


? Fig. 3, AND having already PR page 10.) the 
Angle NAP == 409. 14, 52",7, theſe De- 
clinations of Niemi are changed by. ſub- 
traction into the following of Pulling:. 

Nn 

28 51 23 

28 51 30 

28 52 22 


AND all theſe Declinations give, at a 
Mean, the Declination of Pullingi, ot the 
Fig. 2, Angle — 48˙% 5. 52 
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cob DLIKIESIEILEISESG 
CHA P. II. 
The Length of the Baſe ; and the Cal- 


culation of the Triangles of the two 
Mw pal Series. 


1 
We Length of the Baſe. wh 


Bb is the Baſe. It was meaſured two ſe- Fig. 1. 
veral times by two different Companies, 
whereof each had four Perches of 30 foot 


in Length. 


Toiſ. F. inch. 
The firſt Menſuration gave 7406 5 © 


( ' 746% $5 4 


Between which the mean 6 
e 7 740 5 2 


I 1 


14 A Degree of the Meridian. 


Coleulation of 4 the two . 55 which 
all the Series begin. 
8 A Bb. 
| - Angles ob Wrote J Anyles — for Calæulat. 
Fig. 1. A B B. . 9 21 58,0. 3 Hit 
AB.. 77 31 48,1 1 y 77 31 50 
* 93 6 7,2. 93 610 
179 59 53,34 18 
ABC. | 
ABC. , 102 42 13, Hi oe 42 12 
BAG... 22 37 20,0]. . . . 22 37 20 
ACB... 54 40 28,8]. ... 54 40 28 
8 2,9 180 0 © 


BY reſolving theſe two Triangles, the 

Baſe B & being 7406 Toiſes, 5 Foot, 2 In- 

ches, the diſtance AC, between Avaſaxa 
and Cuitaperi is found to be 86 59,94 Toiſes. 


"AND theſe two Triavgles: "EWA been 
very accurately determined, and their dif. 
poſition advantageous for finding this di- 

| Nance, A C may be henceforth uſed as a 
Baſe. 5 


III. Cal. 
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III. 
Calculation of the Triangles of the firſt Series. 


ACH. 


Angles obſerved, redu- Angles corrected for Fig. 2. 
_ ced to the Horizon... Calculation. 
CAH... 112 21 32,9], « . » 112 21 17 
ACH. . 30-56 53,44. 30 50 47 
AHC... 36 42 3, 1. 36 41 56 

180 © 29,4 180 0 0 


CH K. 
CHK... 36 454,7.... 36 446 


CKH... 43 45 35,0... . 434526 
KCH... 100 9 56,8 ,... 100 9 48 


180 O 27,1 | 180 0 0 


C KT. 


ECT. 32 2 12,%½fd 37 9 7. 
CXT. . 118 28 12, . 118 28 3 
„ 


— 


180 © 18,3 180 © 0 


I 2 AHP 


216 ADegree of the Meridian” 


mw 08 Pj ts 
AAP... 94 53 49.7 Lc: 945356 
HAP... 53 45 56,7% . $340 3 
APH... 31 19 55,5]. . - . 31 20 I 


179 59 41,9] 180 0 0. 
H NP. 
HNP... 9g 25 7.5] 9325 
NHP... 49 13 9,3lJ— 4913 3 
HPN... 37 22 2,1. 37 21 56 
180 O 18,9 “ 


VP 5 
NPY... 87 52 24,3. 37 52 17 
NAP. . 40 14 52,7. . 40 14 40 
PV. - 51 53 433Þ +++ 51 52 57 
180 0 25.30 180 © © 


TAKING A 1 869, 94 Toiſes, 
as found above (page 1 14. 7y by means of the 
two Triangles ABb, ABC; by rearing | 
the foregoing Triangles we find, 


Toiſes. 
AF == 1427743 
P9 = 10676,9 
a CT = 24302,64 


\ 


THESE 
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THESE Lines form with the Meri- 
dian 'the following Angles, 


P2D=61 : $ 
APE ==84 33 54 
AC F=— 81 33 26 
CTG=—=69 49 8 


AND the Reſolution of the right-angled 
Triangles DP, APE, ACF, CTG, 
gives for the parts of the Meridian Line, 


Toiſes. 
PD== 9350,45 
AE = 14213, 24 
A F = 8 566,08 
C G = 22810,62 


| JM = 54949,39 
for the Arc of the Meridian which paſles 
thro' Kittis, and which is terminated by the 
_ - Perpendicular drawn from Torneg. 


8 | 13 IV. Cal. 
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I. 
C dali of the Tri angles * the fed 


Series. 


—— N 


ACK. 


Angles obſerved, redu- Angles corrected * 
ed fo the Horizon. | Calculation. 
Fig. 2. A H.. 30 56 55 30 88 47 
CAE... 112 21 32,9] oc» . 332 $1 17 
AC. 36 4 3,1 0 + 30 47 55 


180 0 29,4 180 © © 


C HX. 


C HK... 36 4 54%. 36 446 
CA.. 43 45 3% 43 45 26 
KCH. . 100 9 56,8]. 100 948 


180 0 27,1 180 © © 
— EE OS. 2 
Cxkx. 118 28 12,0]. ... 118 28 
CTX. . 24 22 54,3 en 
KCT... 37 2120 37 9 7 
180 o 18, 3 180 0 0 


H KN. 
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HKN.... 


H K N. 
9 41 47% + + + 


HNK... 27 11 53,3 


KN. 143 6 32 


* 


179 59 44% 


H NP. 
HNP... 93 25 7.5. 


NP. 49 13 9,3 
Ot 180 © 18,9 


NP 2. 


, 


HPN. .. 37 22 2,1 


NP9... 87 52 24,3 


NP. , 40 14 52,7 
PN. 51 53 +43]. 


180 O 21,3 


| 


©. * 


STILL making uſe of 


941 50- 
27 11 56 
143 0 14 


180 © © 


93 25 1 
37 21 56 


49 13. 3 


180 0 0 


87 52 17 
40 14 46 
51 52 2 


180 0 0 


Toiſes. 
AC=8659,94 


we have by the Reſolution of theſe laſt 
Triangles, 


Toiſes. 


UN = 3564,04 
NX = 25053,25 
K T = 1669 5,84. 


I 4 


WHICH 


— 
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WHICH Lines make: with the Meri. 
cian Line, 3 
VS i 37 6 
KNL 886 . 


n id te Ba 


'T H E Reſolution of the Triangles Nb 
KNL, KTs, gives for the parts of the Me- 
ridian Line, 
Toiſes. 
1 1329,88 L 
K L 24995,03 
"" g= I 66 51, 5 
DI = 5494476 
Ti other Serie «rb wi 2M= = = 5494939. 
wellen . 2M==54942,57 


— 


e 


CHAP, 
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Eee W 
C H A P. IV. 


To determine the true Length of an 
Arc of the Meridian, its Ampli- 
tude being Rngwn. 


+ 


I. 


H E Places of our Obſervatories an- Fig. 2. 


ſwering to the Centre of the Sector, 

when we made our Obſervations upon the 
' fixt Stars, were that of Tornez more Souther- 
ly by 73 Toiſes, 4 foot, 5 + inches, than 
the point 7, (the Spire of the Church, and 

Vertex of our firſt Triangle); this diſtance 
was meaſured upon the Ice of the River by 
letting fall Perpendiculars: And that of 
Kittis more to the North than the Centre 
3 our Signal Q, by 3 Toiſes, 4 foot, 8 in- 

es. 


| ADDING then to QM, theſe two 
liſtances, we have q4m== 55020,09 Toiſes. 


IL THIS 


— 4 
— —— — 
* — — 


— 


——ů — 


bi, . 
—— U H— DD — — — — ee * 3 * — mmm , = * — N - 
— „ — ＋— — = — > . * — — 1 2 — ; . — 
1 4 * ys = — 64 " as "= l _s a 1 
- q a a . — f — — r 
— a — - * * 
= N * N — N k — " 
= — Py — * * *.&> A 4 = . * 0 7 : 
” - — 4 l = ; * * — — N 
— —_ — [ * — 
— — * 8 * * » 
\ : —— — — . * 


_ —_— CH. — 
— - —ͤ— 4 — - * * 


. == I rt ne TOE + ny ———— 
' 


eso: 
T HIS Line m is not preciſely the Arc 


of the Meridian anſwering to the difference 
of Latitude. 


FOR the Lot: tm is not the 


Are ef the Parallel that paſſes through 7. 


Suppoſing the Arc r n to be this Parallel, 
to find the point a, draw the Tangent f=, 
and divide the diſtance m y gy. 


TO find the Value of , firſt com- 


pute the length of t, in the preſent caſe 
nearly equal to M 7, which, by the Reſo- 


lution of the foregoing Triangles, will be 
found to be 3149, 5 Toiſes: From this Line 
found, and the Latitude of Vernes given, 


5 ſuppoſing likewiſe (which can here occaſion 


no ſenſible Error) that the Earth is ſphe- 
rical, and that a Degree contains 57000 
Toiſes; the Angle made by the Tangents of 
the two Meridians that paſs through Q and 
T, that is the Angle m7 y, will eaſily be 
found to be 7. 24”. Whence my is 6,76 
Toiſes, and its half 4,38 Toiſes == m7 n, 
added to the diſtance m, gives for the Arc 
br 1911 | | of 
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of the Meridian, whoſe Amplitude was ob- 
ſerved, q w == 55923347 Toiſes. 


Aas 4424446620 
CHAP. V. 


Obſervations to determine the Ampli- 
tude of the Arc of the Meridian, 
terminated by the Parallels that 
paſs through Kittis and Torneä. 


SHALL not at preſent give a com. 
pleat Deſcription of the Inſtrument we 
made uſe of; that would carry me too far, 
and is reſerved for another Work. I ſhall 
endeavour only to explain what is peculiar 
to this Inſtrument, and give my Readers 
ſuch a Notion of it as may enable them to 
underſtand the tryals we made of its good- 


neſs as well as the Obſervations themſelves. 


A Braſs Teleſcope, of a conſiderable thick- 
neſs, and about nine foot long, forms the 
Radius of a Limb of 52. This Limb has 
upon it two Diviſions, both of them from 
75 to 1; the one to a ſhorter Radius, 

marked 
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marked with greater points ; the other to 
a longer Radius marked with ſmaller. Be © - 
the Focus of the Teleſcope two Silyer Wires 
croſs each” other ; Mr. Graham himſelf had 
fixt them in the firmeſt manner ; and con- 
trived, by means of two Springs, to, keep 
them always in the ſame degree of tenſion, 

that they may not be ſubject to the leaſt Alte 
ration. This Teleſcope, the Centre to which 


the Plumb-line is hung, and the Limb, are 
all one piece, and properly make up the 


whole Inſtrument ; which will not there- 
fore be ſo readily put out of order as one 
' whoſe Centre can be taken off. It is ſuſpen- 
: ded by by two cylindric Pins, that reſtipg 
upon two Braſs Supports, allow it to ſwing 
freely like a Pendulum. One of the Pins 
ends in a very ſmall Cylinder; which is ſtill 
more diminiſhed where it meets the plane of 
the Limb, whoſe Centre it is. At this point 
of the Axis of the Pin is ſuſpended the 
Plummet. And round the ſame Axis the 
Teleſcope moves; while jits Limb, by the 
means of two Wheels, ſlides along another 
immoveable Limb, which is fixt to a large 
Beam that paſſes through the middle of a 
great wooden Pyramid that ſupports the In- 
ſtrument. To the immoveable Limb is 

. fixt 


r . . . ̃ ʃ! . "OOO S 
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fixt the Micrometer, at the place moſt con- 
venient for the Obſervation that is to be 
made. The uſe of the Micrometer is as 
- follows: 5 


TH E immoveable Limb, and that of 
the Sector being placed in the Plane of the 
Meridian, the Teleſcope, as it hangs upon 
its Pins, would reſt in a vertical Situation, 
But a ſmall weight hung upon a Thread 
that paſſes over a Pulley, draws it South- 
ward: While the Micrometer puſhes it the 
contrary way, by means of a point of Steel 
that reſts againſt a piece of hard poliſht Steel, 
fixt upon the Teleſcope. The motion of 
this Point towards the Mirror or from it, is 
regulated by a very fine Screw ; making the 
Teleſcope deſcribe ſmall Arcs; while two 
Indexes mark the number of Revolutions, 
with the parts of a Revolution, by which 
the Point has advanc'd or retir'd. Theſe 
Revolutions meaſure then the Amplitude of 
the Arc obſerved, provided it is known how 
many Minutes and Seconds anſwer to one 
Revolution, by which the Point of the Mi- 
crometer goes backward or forward. 


THE 
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T H E proportion of the Number of 
Revolutions to the Arcs muſt vary as the 
place where the Point reſts upon the Specu- 
lum is higher or lower; and therefore on 
a Plate of Braſs that covers the Speculum 
when it is not made uſe of, there is drawn 
a Line marking where the Point of the Mi- 
crometer ought to reſt, ſo as to make the 
Revolutions of a determinate proportion to 
the Arcs. Vou may place the Point higher 
and lower till you get it exactly upon the 
Line: And then you have the ſituation of 
the Micrometer, upon which the Propor- 
tion is regulated. 


IN obſerving, the firſt thing we did was 
to place exactly under the Thread of the 
Plummet that point of the Limb which 
was neareſt to where we knew the Plum- 
met muſt cut in the time of Obſervation, 
the Ball of the Plummet being in the mean 
time immerſed in a Veſſel fill'd with Bran- 


dy. And this can be done to ſuch an Ac- 
curacy, by the help of the Micrometer and 


a, Microſcope, on whoſe Focus the Light 
ſtrikes perpendicularly to the Limb, that 
placing and diſplacing the Thread ſeveral 
times, 
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times, you will rarely find one Diviſion of 
the Micrometer, that is to ſay, one Second 
of Difference. When the Thread, inſtead 
of hanging freely, reſted upon Pegs, as in 


N the tryals we made for verifying the Inſtru- 
a ment, we ſeldom had more than = of a Se- 
5 cond's Difference between one placing and 
- another. An Accuracy which may ſeem 
- incredible to ſuch as have never ſeen an In- 
0 ſtrument like ours; but they will be better 
r z able to judge of it when they have conſidered 
e the Obſervations made with it by ſo many 
f different Perſons, | 
BEFORE the Star was to paſs the Me- 
* Tridian, we wrote down the Diviſion which 
a8 * was marked by the Micrometer, when the 
1C 1 Thread exactly cut the Point upon the 
h Limb. And juſt as the Star paſt the Me- 
1- * ridian, the Obſerver, without being able to 
n, ſee the Micrometer, turned the Skrew, till 
in be ſaw the Star bi ſſected in the Teleſcope, 
n- buy the Thread that is perpendicular to the 
c- Limb. Then we reckoned how many Re- 
nd > volutions and Parts of a Revolution the 
ht Screw had made. And theſe added to the 
at Arc terminated by the Point which the 
ral Plummet cut before the Obſervation, or 


es, = 3 ſub- 


_— 0 > — _ 
———— 2 * * 
% ˙ 0 A — 
—— ——— 


es eee — . 
* — KW 


— 
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ſubtracted from it, gave the Point of the 
Limb where the Plummet - muſt have 
cut when the Star paſſed the Meridian. 
And laſt of all, we verified the Obſervation 
by replacing the Point under the Thread, as. 
it had been before the paſſage of the. Star. 
If the Micrometer marked ſtill the ſame 


Revolution as it had marked before the Paſ- 
fage, or if the difference was but one or 


two Diviſions, then the Obſervation was 


held as good. And we took the Mean be- 
tween the two Numbers of the Microme- 
ter, before and after the Obſervation, for the 
true Number which it marked when the 
Point of the Limb was exactly under the 
Thread. But if the difference of theſe two 
Numbers was more than two Diviſions, we 
concluded that the Inſtrument muſt have 
been diſturbed ſome how, and that the Ob- 


fervation was not to be depended upon. 


T HE two Stars which we obſerved with 


— 


this Inſtrument paſt the one within leſs than 
+ Degree from the Zenith of Kittis, and 
the other not 4 from that of Jorned. A 
Situation which might render us. very ſecure 
as to any Errors ariſing from a wrong po- 
tition of the Sector; which in other caſes, 


=» W co, FA 


meaſured at the Polar Circle. 12 9 


if great care ĩs not taken, may be very con- 
ſaderable We knew that the miſplacing 
it by ſeveral Minutes could have no ſenſible 
Effect upon our Obſervations 3 yet we pla- 
ced it moſt exactly 8 a Meridian Line 
which we had drawn, and verified its po- 
ſition by the * f ſome Stars whoſe 
heights we had taken. 


Wd -» 
Obſervations 75 the Star 9 of the. Dragon 
made with the Setfor upon Kittis, for de- 


termining the Amplitude of the Arc __ the 
Meridian. 


The 4th of October, 1 7 36. 


BEFORE the Obſerva- | 
tion of the paſſage of the 8. 
Star in the Meridian, the — 
Thread of the Plummet ha- | 


ving been placed upon the 

point of the Limb marked 

2%. 37+ 30”. of the upper 

Diviſion, which we always 

made uſe of, the Mi icrome- Revol. 

ter marked. n 24 10,7 pare, 
I N che time of Obſerva- 116 

tion, that is, when the Star 

was paſſing the Meridian, 

the Micrometer marked... 22 30,9 


K AFTER 
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AFTER the Obſervation 


the fame Point 2*. 37. 30“. 


being replaced under the 


Thread, the Micrometer mar- 


„„ 


THE Mean of what the 
Micrometer marked before 
and after the Paſlage is =Y 


AND ſubtrafting .. /. 22 


RESTS, in parts of the 
 Micrometer, the Arc between 


the point 29. 37. 30. and 
that > here the Tea had 


cut when the Star was in the 


Meridian, VIZ. 4 1 of 4 3 3 


1 24,7 | 


So "Before the Obſerv. . . 24 13.4 
508. In the time of Obſerv. 22 31,4. 
After 24 15,3 


—— — — -. * 


Difference „%% 8 9 


4 R 
, ; A 
1 4 & oo 
- 


. 6 O& 


* 
A 


tl 


cd. 


e N Yi 


of: Revol. part, 

Before the Obſerv. . . 24 9,8 

6 aba the time of Obſerv. 22 28,2 
After 24 9,8 


24 9,8 
22 28,2 


— 


Difference. 1436 


(Before the Obſerv. . 18 1,0 
8 Oaober In the time of Obſerv. 16 16,7 
After 17 43,0 


18 6 
16 16,7 


* 


— 


Difference 8 » © * » — 1 223 


— 4 


Before the Obſerv. 17 33,0 
10 Octob. 1 the time of Obſerv. 16 8, 3 
After. 2 32˙1 


1 33.9 | 
3,3 
Alice... .. - -. £349 


AL * . 1 —— 


— _ — 


THESE Obſervations were made by 
_ Day-light, without artificially 2 
the Focus of the Teleſcope: 


K 2 III. 05. 


1 3 2 4 Degr 7. 1 the Meridian” 


7 


8 


e 8 
L I 


( © 7 , AM 4 8 
4. ” r 3 — — 2 


ohe vations my * wo Star made 4 
; Tornea. 155 


or 1736. 
1 "HE Thread of the Plummet cutting 
the Point of the Limb marked 15. 37. 305 


C3 the upper Diyiſion; * pa 


The Micrometer marked, 
VI 81 kei. qua 
t Before the Obſer vp. 17 3955 


1 the time of Obſerv. 19 36, 3 
* 4 wah (After DO 3 LEES . 9 17 40, 5 
| 5 ly ates +. © — — — 

** N 3. py ; o 17 40,0 

"i I TO Sf? © | 19 36,3 


—_— — 


. 


Before the Obſerv. . . 18 1 3,1 
In the time of Obſerv. 20 8,8 


. 8 12,0 


18 12,5 
. 20 8,8 


Difference "OMP" ; 5 F | 1 2 
— — — WE 


3 Noy: 


* 
* 
x 
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Rev. 
Before the Obſerv. 18 37,0 


3 Nav. In the time of Obſerv. 20 33,3 
After . . co . 18 35,0 

18 36,0 
| "NY 20 33,3 
% Y _ Difference"... —— 2 
Before the Gbferv.. 18 32,2 
4158 In the time of Obſerv. 20 28,4 
After , .,. . © . 18 31,0 
r FE. 5 158 31,6 
FEET 
r 8 
0 ; Before the Oban. - 4-8 24,4 
3 | Nov, In the time of Obſerv. 14 20,5 


88 3 | (After SLE. ES nie Tae, I 2 24.,0 
— ; "Ws —_ - FI . | we” 2 24,2 | 
51 I | „ E. mr 5 
,0 4 Difference . . * Nr 2 49.3 
_ 4 — ä pry > EE; 


8 D Tres —  veare- kewl 
> & made by Day-light. 


4 
1 22 " 2 
A —— ” a ” » I N 5 
— | — Tas y — . WI — a 22 
* 


K 3 


„ er nen 1 ; 


GONSRDISISSATOSIeSODUTDRSSFHIOS 


C H A P. VI. 4 
G leulation of the Arc of hs | Meri - M 
dian which we : had . I 


. 


The Oblervgionsu upon. Kittis ive 1 245 
; p 5 1 26 9 
; F 1 25,6 
ö n 
127,3 
JOS $- 1 24,7 1 
. 128 | N 
—_— W ee ee V 
The Obſervations at Tornea _ 1 40,¶8ůf 
| 1 40, 3 3 g 
I 41, 8 I 
| 1 40, 3 4 
TR 5 115. | — ; C 
Wi Whoſe — ECTS OS £4656 
3b __ 1 * — , . | 1 t 


2 WE "on then for the | ; 
Arc of the Limb which 4s oe. MM | 
the Thread cut as the Star g - How as. I ; 
paſſed the Merid. at Kittis 2 37 30—1 25,8 | R 
| | 


AND for the like Arc 
at Tornes . « 1 1 37 30+1 40, 6 
W HOSE 


* . 5 => —_ 
IE SITE 
Fd Se. han OL EO ie 1 
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WHOSE difference 


is that of the Star's di- 
ſtance from the Zenith ww. 
of Kittis and Torned, viz. 10 0—3 22,4 


— — 


TO reduce the Revo- 
lutions and Parts of the 
Micrometer into Minutes 
and Seconds, it is to be 
noticed (vid. ina) that | 
15 == 20 Rev. 23,5 R. P. 
Parts, whence . . 3 22,4==2 33,8 


i ry | „„ vs 
Which taken from 10 0 
give the Arc obſerved , 0 57 26,2 


FURTH ER, by the 
Conſtruction of the Sec- 
tor, the Chord of 5, 
which is 10, 62 5 Inches 
Engliſb, is too little for 
the Radius, which is 
110, 5 by o, ooa; that is, 
by 3"3; which 3 upon 
5˙1 give for 574. the 

K 4 pro- 


: 
: 


proportional pa 


ſubtra 


Y - ” | 4 
LEI SISSISSE4S 4% 
0 * 


;- OV, 


144 
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rt to 
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— Jeavipg. f far 8 = 
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3 1 . $7 25,55 
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5 PART II.. 
: — Perificationt of Ade wo whole 
LEP ME oo © 2. 


4 * % * . - 4 * 


CHAR L 
Verification of the Horizontal Angles 
by their N . H. 2 


. + 42 OR Fig. 1. 
Tor? a «2+ 3 9.00 © 177 G 
K 488 8. 56,8. 
HCA * af 5 58 55 "Y 
CAE FEI 11 2 STM 


wi 45 0,7 
HPN > _— 2,T 
> + +» 97 $2 2443 
. . - 49 14 52,7 
—...-'. a a 
PNH „ 93 25 775 
. 15 
F. EE. <> 9 41 47,7 


HEC . ... 63 45 3% 
* SG... . 118 28 12,0 


"TH EIR Sum 90⁰ 1 37, exceeds 
by 1. 37”, what it ſhould be if the Figure 
L Bi ky 


ly in in a "= barkce, and if there o was no, I 
Error in the Obſervations; it ought indeed 
to be a little more than 900, becauſe of 


& 
the 8 Onve 3 
* 
. i , 4 , . 
L . 2 . © 5 a 1 *. 0 . 
. 4 
| : .* 
* as * 1 * | 


ot WAP I 
V. ertification of the H. eptagon, made 


ar Tornea. 


A | X 
( 


Fi 18. 4. H 1 Centre of the 1 of two. 
foot Radius being placed in the Line 
"ul through the Spire of the Church and 
the Signal of Niwa, we took the Angle 
which the horizontal Sun made with the 
Signal of Nia, marking the time by a 
Clock which we had carried to the high- 
eſt place of the Iſle Swentzar, and whoſe 


Hour we compared ſeveral times, by means. 
of Signals, to that of a well-adjuſted Pen- 


dulum in the Houſe where 1 lodged. 


1737 


| meaſured al the Polar Cirels.: 139 


ab! #79%; the 24thof May af Night 
* Time. 


At 9 55 169013 36 THE Angle between 


the Signal of Nzwa and 
the Centre of the Sun, 
concluded from. the Paſ- 


ſage of his two Limbs by 


the vertical Wire in the 
Teleſcope. 


SUPPOSING the Sun's Declination 
to be 200. 53, 29%, and rr of 
the place of Obſervation 65*. 5 T. 0”. RCS 
is found = 28*.. 55. 48“, The * of 


the Vertical of the Sun 


with the Meridian Line 
for the moment of Ob- 
ſervation; from which 
ſubtracting CS alread 
found (13 36 26), remains RCn or RT 


= 15 19 22 for the Angle which the 


Meridian Line forms 
with a Line j joining the 
Spite of Torned and the 
Signal of N:wa. 


1737; 


© I N 
WW 


of rhe Meri 


1737; He 28 May, in — 


THE Centre of the Quadrant placed in 


the direaion of Roten and the Spire of 
Torned. D 


True Time. —.. ͤ .. 


h, 
Fig. . $4thele. i THE Angle between 
mmm the Signal of Niwa and 


FIT iro the Sure af AYP riſing 
| | Sun. 


- * % — 22 
- * 4 _ 


ex 62 34. THE Angle ert 

— Hat the ſame place between 

„ 6h 1 Le Niwa and 
p42 eee 


es pot N the Signal of Kgkama 
, Pp k and the Sun. 


+ alt nn 


| | 
n . ANGLE between 


ET * | THE Angle of the 
| . of the Sun, with 


dur I Meridian calculated 
7811 C63 „8 for the Moment of Ob- 
SOT „ Us POLE tion, the Sun De- 
NTA | clnatonbeing 20. « "$$ 
: 5 a g 
| CR 


neuſured at the Polar Circle. 14 

KCR, or KTR. e 75 The An le which the 

21 Meridian Line makes 

miha Line Jonny the | 
: Blase. | 


* 1119 


17 37. lle 2 5th o May, * in .* gay | 
The Quadrant being in the ſame Situation. 


v4 Time. 


-- 


5 
At 2 9 38. cg. 36 34. ys 


CK. . 19 52 34 * 
FK. 44 r The Sun's 


RCS. 30 2 25 Declin. being 


ie AY WB 'o þ . 205 5 25”. 
pin | KR. 4 18 247 The Angle which 
| the Meridian Line 
2 makes with a Line 
Joining the Spire of 
Torned and the Sig- 
nal of Kakama. 


en the Potion of Niwa, given Fig. 4 
from the former Obſervation, to that of Ka- and 5. 
kama, by the Angle TK, which (pag. 105) 
is 1938,18, we ſhall have KTR. 5 


4 18 56 for the Declination of Katama 


And taking the Mean of theſe three Obſer- 
vations, 


4 


— 


— 


8 
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4* 18 244 we have 4 18“ 42“ for the De- 
4 48.4721 e of Kakama to tþ6 
A | 


4 18556] 


But we bad found from the Calculation 


of the Triangles, this Angle to be 4* 11 33 
towhich adding for the Conver- 
gence. of the Meridians of Tor- . 

neg and Kittis (found pag. 122,)o . 7 24 
We ſhall have KTR. .=... 4 19 17 


By the three prececding ( „ 
5 ſervations, it was 4 18 427 
the Difference being. 0 0 344 
too ſmall to be looked upon as any real De- 
viation of the Meridian Line: and accord- 
ingly we made no account of it; the rather 
becauſe the Figure's Poſition had been de- 
termined upon Kittis by a greater number 


of Obſervations. 


. * 
a * 
* - 9 f - 
4 : * 
1 — k, ? * 
„ ® =_ 
# % * 
— 
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Verification of the Diſtance of Tornea 
From Kittis, by ten new Series of 
Triangles. | 
1 3 
V the Triangles Tu R, nKC, CKH, Fig. 6. 
HCA, AHP, PHN, NPQ. 


BEGINNING always from the Side 
AC, the Reſolution of theſe Triangles gives 
for the Diſtance YM... .. . 54941 toiſes, 
Which differs from . . $4042,57 


found above (pag. 120.) by our 3 
firſt two Series of Triangles, by. 14 


II. 


BY the Triangles Tu K, KHn, CH, 
HCA. APH, HNP, PNA; QM 54936 Fig. 7. 
Leſs than Q (pag. 120.) b 67 


III. 


- BY the Triangles TK, KIU, HnA, Fig. 8. 
3 ACH, 
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 ACHHAP,PHN,NPg; QM= 54942] | 
e. 


. 
Fig. 9. BY theTranglesTuK, KCH,HoC,CH + | 
AHP, PHN, NPN; QM= 54943; 
R | 
Fig. 10. BY the Dane Tak. Kic, Gn, | 
ACH. HAT, HN, NPN, M4925 
The difference being 177 FA 
| 8 ſi 
9 | mm” th 
big 1. BY the TrianglesTnK,KnH,H A c. of 
AHP, PHN, NA; QM= 549153 ju 
The difference being +243 - + » BY 
vn. , 
Fig.1s: BY the Triangles Tu, Kic Chr, nHK, | 
” KUHN, NH, PN; 2M = 54912 | 
The difference ** ö 30x | 2 
vn. 
Pig 1 13: By theTrianglesT»K, KCn,nAC, CHK, 
HKN, NHP, . N 54906 |} 
The difference * n 36 ria 


r 


HA NN = 54910 


mene * alen c. 145 


e r as Irn ws 


BY the Tridtigles*TnC; Crd; Fig 14. 


The 8 . 32 


Es * * * Psd * 

BY * D Tc c Kut, Fig 15. 
HKN, NHP, n QM = 48914 £4991 
The mag) e oe +++» 5614. 

AI 3 | * Y 

THOUGH the differences Ang from 


ſo many Series are none of them very con- 
ſiderable, yet we did not think fit to admit 
them into the Determination of the length 
of our te, but uſed two. others- UP We 


Judgedogerlerable, & IT .es. 
GWE WW cr cf er cr Wares 
Cc 1H A p. IV. 


Another 7 erifcation of the FED 
between Tornea and Kittis 


' L THOUGH from: theſe ten Series, Fig.16, 
it ſafficiently-appears that no mate- 
rin Error could have crept into our Obſer- 
vations of the Triangles, feeing none of theſe 
* L Com- 


Combinations, though ſome of them contain 


Triangles that might be rejected forthe ſmall- 


neſs of their Angles, produce any conſide- 
rable Difference; yet we have added another 


Verification, which would take off all ſuſpi- 
cion of that kind, even though we had ob- 
ſerved no more than the ** neceſſary 
for the firſt Series. WA 


WE ſuppoſe as if we - had 3 in two of the 
__ of every Triangle, miſtaken by 20“, 

and by 40 in the third; and that theſe Er- 
rors had always tended to ſhorten, the Me- 
ridian Line N.. The ſmall difference 
which riſes from this Suppoſition proves the 
advantage we had from our Triangles being 
ſo few, and from. the- Poſition of the Baſe 
with reſpect to them. The Calculation i 1s 
after this manner: 


BEGINNING always from the Baſe | 


Bb, and making the Angles Bla and bBa, 
leſs than BGA and BA by 20", you find the 
Side ag inſtead of AB. Then making uſe 
of this Side aB, and making the Angles 
B&C)and aBc, leſs by 2c“ than BAC, ABC, 
ou find the Point c inſtead of C, and the Side 
ac inſtead. of AC. 3 
| FROM 


* - r F 


OR ELIE RR ²˙¹à oo 


N LEE 3 


ee eee eee 
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FROM ac, you ud the Sides ab and ch 
inſtead of AH 15 CH, ſuppoſing the An- 
gles cab, ach, les than CAH, ACH by 20” 


reſpectively. And proceeding ſtill in the 


fame manner in diminiſhing the Triangles, 
you come to have the Figure gpnhackt in- 
ſtead of 2 PNHACKT. 


THEN ſuppoſing likewiſe an Error of 
20” in the Poſition of the Meridian Line, 


that is, ſuppoſing pgm leſs by 20” than 


PAM. you find after the moſt exact Calcu- 


lation m leſs than QM by no more than 54. 
toiſes; a difference very inconſiderable to re- 
ſult from ſuch a ſtrange Suppoſition of bad 


Luck and unſkilful 2 


L 2 CHAP, 


1 48 A Degree of tbe Meridian” 


dee eee eee 
CHAP. V- 
7 mv on of the Amplitude f the 
e e 12 


Obſervations of the Star a of the Dragon, 


"made at Tornea, in the ſame Place where 


E had e e 36 811 1 
2 737. 
HE plummet cutting the «Pot of the 


upper diviſion of the Limb marked 


. = Micrometer ſtood at 
Revol. part. 


Before the Obſerv. . . . 19 32,7 


17 March. 4 In the time of the Obſ. 16 42,0 


Aller 19 34 


Yor Re 4 19 33,3 \ "2 


16 450 


Difference. 2393 


18 


— 4 — 
o 
— 2 8 wad "mW a 
8 TY 
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Revol. part. 


| Before the Obſerv. . .22 21,6 
18 March.5 In the time of the ObL.. 19 30,4 


After 22 21,9 

| 22 21,7 

5 LINE 
Difference. , . ... - 2 353 

Before the ber. 411,0 

19 March. I In the time of the Obſ. 18 32, 1 
(Ater e 27,3 

e e e eee 

18 32,1 


bDiffer ente. 2 33,0 


II. 
Objervati ians of the ſume Star made upon 
Kittis, in ile ſame place where we had * 
ſerved J. 


n 
T HE Plummet cutting the Point of the 
upper Limb that is marked 415 O0. 
The Micrometer ſtood at 


Before the Obferv. . . .21 12,0 
4 April.$ In the time of the Obl. . 14 43,0 
| K 21 12, 


21 12 
1443 


6 13,0. 


—— — = - * 


Difference. 


150 A Shares Meridian... 
| Revol, Part 
 C Before the Qbſery. . .. 21 12 
Sr In the time of the Obſf. 1 8 


After * 5 „ . „ . 21 12,2 


| Difference . oY he 6 12,3 


4 Before 1 "mug 8 521 19,5 
In the time bs Obſ. ..15 7,2 


5 — 22 19,7 
* 21 19,6 
5 25 
Difference 6 12,4 


"THESE Obſervations both at Torned and 


Kittis, were made by the Light of a Torch 
thrown by Reflection u pon the Focus of the 


— the Polar Up 151 
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CHAP. VL 


Calculation of the obſerved Arc of the 
Meer. 


| Revol. parts _ 

T H E Oblervation of Toarned give. . 2 35,3 
2 353 

2 33,0 


— "76 | And at a M — 


Thoſe of Rieti give diy a 139 
6 12,3. 
6 12,4 


— — 
And at a Mean . a6 12,6 


— 


WHENCE we have for the Arc of the 


Limb which the Plummet cut at the Star's 
Rel. part. 


Paſſage, 3 . . 31502 34,5 


And for the like Arc FEES 


L 4 | The 


= 1 = 


_ 2 * — — — — — — — — ** 
0 =» as _— 3 — mn — 
— by wy ne ———— _- nate p — — b 
— — = - 8 _— — 
— = — a 
— 9 2 — — _ — * 
- - — K - — = 


-> 
—— 


—_ 
* * — 9 — —ůů — 
— —— — — — 
— — — * — — 
= 


T52 o e eee, 


| of Tofneg and Kiri ie 1 — — I 


leaves for the Arc obſerved”, 57 26 — 
of the · Chord of 551 1 its being . 
too ſmall, VIZ, 1 = 0% 0,65 


reduces to ting O05 quors 3 1057 25,85 


g F 


The differenc&of which® ' 
two Arcs, that is the dif- 08. JIE 
forces” f the Star's d“ F „ 27 
ſlanccb fom the Zenith * JN gu 3: fare, 


4 


1 * ' 


But J Rev. 22, 1 pt.” Al *. T 7 5 
which übte from ©. 17 * 820 0 


enn 


Which che Correction on 80 


0 H A : + VI I. 
"7 "Viſta ons f rhe Seen. 


' £ 


Ty 4 Faun of the whole Arc of 36 5 * 


1 Tornes, the 4th of May, 17 37, we 

meaſured upon the Ice of the River a 
diſtance of 380 toiſes, 1 f. 3 inches, o line: it 
was meaſured twice over; and between the 


firſt and ſecond time, there was not the leaſt 
dif- 


5 Un la 


ad at the Polar. Circle. 1 5 


\ ». - is 


difference. At one Extremity of this 4 
ſtance was placed the Centre of the Inſtru- 
ment, which was laid horizontally upon two 
great Supports, in a Room we had choſe for 
that purpoſe, by the River-fide; at the other 
Extremity was faiſed-a Poſt, with a Mark 
upon it; from whoſe Centre in a Line per- 
pendicular to the, firſt meaſured diſtance, 
which was to ſerve for a Radius, we laid out 
36T. 3f. 6 in. 65 lin. for our Tangent, which 
was terminated at the Centre of a Mark fixed 


upon another Poſt. This formed upon the 
Ie a Sector of about 380 toiſes Radius, with 


which we were to com * ours. 


F R 0 M the Centre of the Inſtrument We 


bad ſtretched a Silver Wire to a fixt Point, 


which by trials we had found to be altoge- 
ther immoveable, ſo as when the Sector 
turned horizontally upon its Centre, the 
Wire only not touched its Limb, 


THE Angle between the two Marks 
taken by five different Perſons, exceeded 
5 30“, as follows: 


Parts 
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Parts of the Mierom. 


©% 
N 
| * * 


— 
＋ 
Er 

_— 
= 


> 
SE 
8 
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Whereofthe Mean is 112 755 or 7 3. 
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Now pede to hg Conſtruction of 
the Sector (pag. 35: J our Are was too ſmall 
o: 37 

hence fk" 529 1 25 
taking e du0 e 7.3 


reſts the true Angle obſerved 5 29 48,95 | 


AndthefameAngle is byCalcul. 5 5 29 59,00. 


Which ſhews the exquiſite Conſtruction of 


this Inſtrument, and what Accuracy may be | 


expected from it, For this difference of 1” 
upon an Arc of 5% z, which might come 
from the Errors in obſetving, is altogether 
inconfiderable. 2 


* ftp 


K 9 rr 7 ON ng ROT 
1 „ 8 
1 3 4 8 N rs 


4 
! 


oe — 
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II. 


7 bete 172 the tipo Degrees which we uſed 
in determi ning the Amplitude. 


THE Sector remaining in the ſame hori- 
zontal Poſition, we extended from its Centre 


two ſmall Wires, making with each other 


an Angle very nearly equal to 1 ; theſeWires 
only not touched the Limb, and were fixed 
by two immoveable Pegs: over each of them 
we placed a Microſcope, whoſe Focus was 
illuminated by the light of a Wax Candle, 
collected by a Lens; and as the Micrometer 
made the Teleſcope move, all the Points of 
the Limb paſſed {ucecfhyely f in the Foci 
of the TR. 8 


IN this manner we e compared with the 
fix'd Interval of the Threads, the two Degrees 
which we had made uſe of for the two Stars, 
making them paſs under the threads by turns; 
and from five Obſervations made by different 
Perſons, found that the Degree between 
1* 37 30”, and 2 37 30”, exceeded that 


9 


between 3 15 00, 9 15 ©, 


The 


The Exceſs w was, 
By the 1ſt Obſery. e 
2d 9 % 1 07 7 


3d „„ 8 ? of 29 
— Ga o,85 | 5 
Ade“ Sth ee &S> 0» I, 83 


WHENCE at a Mean, the Arc uſed 
for determining the Amplitude by the Star 


was greater than that uſed for determining 


it WM * 27 95.— 


THIS wal difference * the two o De- 
grees on the Limb, we ought to reckon upon 


quite otherwiſe” than upon that of the pre- 


ceeding Article. That depended not only 


upon the Obſervation of the Point under the 


threag, but upon the Obſervation of an Ob- 


ject with the Teleſcope; whereas here we 
had only to place the point exactly under 
the thread; which, with a Microſcope well 
lighted, may be 288 to the utmoſt 


0 


| er £1. HT. 
Verification of the Diviſions of the Sector. 


WE examined in the fame manner every 
diviſion of the Limb from 15 to 15 ; and 
have 


1 


SS "$5 way 
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have marked the reſult in the following 


Table, which ſhews the Exactneſs both of 
the Diviſions and of the Micrometer. 


Saher ti to ut. acror, toMr.Grahaths 


/ my Revol, part, part. 
From o 15 to o 30. 20 23,2 22,75 
o 30 to 048 22,2 22,23 
0 45 to 100. . 23,7 23, 
1 OO to I BE T's 234 423,75 
I 15 to 1 30 3243. 24.5 
2: 2040 1 45 f 0, „ Sh &- 
I45t0200...... 23,8 . 24,5 b 
2 oo to 2 I5 Yo Ih 2344 - « - 2394875 
2 15 to 2 30. . 231, 22.65 
2 30 to 2 43. 5. 24,125 
— 22 3 
| 3 OO to 3 {ps ae . 44,375 
T1 WY ES 55 24,0 .. . 24,0 


3 30 to 343. 23,1 23,25 
3 456 to 400 - ++ 24,0 24,125 


4 OO to 4 15 — 2 3,4 ER 24,125 | 


4 15t04 30 22,9 23,75 

4 30 to 443 23,3 « + 2335 

| _4 45to 5 00: . 2 22,9 22,7 

16 . N 
5 160 8 90 23,0. 8 

5 30 to . 21 „ $2,5 


The Mean gives I 5 =20R, 23,35. « 23, 6p. 


CHAP. 


25s —_— ny Meridian” 


38 


NNN GED ebe 


HAP. vill. 


Dee term nination of the Degree of the 
Meridian which cuts the Polar Circle. 

Determination of the Amplitude of the Arc 
of the Meridian, terminated by the Paral- 


Lei W which . through Kittis and 


Torned. (=P aw 


89889 6 - 4 


HE ME HH” OO 
” — * 


was by Obletvation 0. I 36.) PN #5 55. 


AND the fame: Amplitude as determined 
f by, was by mare nr 3 „57. 25,85. 


70 find we true Amplitude which the 
one and the other of theſe Stars gives, WE 
muſt correct the Arcs as follows: 


FOR THE STAR g. 
BV the Preceſſion of the 8 from 
the 6th of October to the 3d of November, 
| which 


„K . <<, fowl ft AX 


2 


there will remain the Amplitude 


r 


meaſured at the Polar Circle. 159 
which we take for the Interval of the Obſer- 


vations of J, this Star was come nearer the 
Pole by 0 48; and the Star having been to 


the North of Kittis 
fromthe Arc obſerved . , ; . 57 25 55 


ſubtracting this quantity 0,48 


corrected for the Preceſſion, VIZ. . . $7 2 5,07 


BY the Aberration of the Star's 


Light in the ſame Interval, it was 


ſeen farther from the Pole by % 3 
which added, gives for the — | 
plitude corrected for both the Pre- 

ceſſion and Averration Died ert Bi 37 26, 2 


FOR THE STAR 18 

BY the Preceſſion of the Equinoxes from 
the 18th of March to the 5th of April, the 
Interval of the Obſervations of æ, this Star 
was farther from the Pole by o 8 5; and 
having been ſeen to the South of Torned, from 
the Arc obſerved (p. 1 52: ) viz. 5. 57 2585 
waracing 2: 545% + o, 85 
we have for the Amplitude cor- 
rected for the Preceſan . . 57 25,00 


8 


D By 


160 — ; 


BV the Aberration of this Star 's light in 
the eme time, it pared nearer the Pole 
by RN fag *. n e 2 5 58 
which added. * the Am- 
plitude as de termined by a, cor- 


retted beth for the Prragſiam and 
the Aberration Kerr r 4 — 


eo eee 4 of 
„ move cha Due, nat ion ir 4 the ſive 
itt? i 's os 4 >a * 


Mr Bradley ben pleaſed. to ſend 
me his laſt Diſcoveries pon the Motion of 
the fixt Stars, as like wiſe Corrections of the 
two Arcs determined by and æ, Ok 
only for the Preceſſon of the Equinoxes and 
Aberration of Light; but for that third 
Motion mentioned above; I ſhall here, for 
the greater accuracy, apply his Corrections 
as they were ſent me, though they do not 
ſenſibly differ from thoſe un now made. 


To the Arc obſerved by# (p. I _ * 57 2 55 55 
; add « 4 0 1,38 
Au you Baby the Amplitude by BY 


Sele | for all the 3 VIZ. . E —— 


a ' "A . 1 
-— a . 1 vs 1 
„ "EK. 1 0 4 | 
-- ay iy * * 
- Fs 4 5 4 
A 10 
129 p 


# 
_ 
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1 (p. 1 52.) 57 28,8 
add --; 0 4,57 
and you have toe Amplitude 4 X, 

corrected for all the: Motions . . . 57 30 42 


THOUGH the difference between theſe 
two Amplitudes is no more than 3 „49, it 
_ from pag. 156, that it is really but 

2% 54: and it would not amount even to 2”, 
if only the beſt of the Obſervations Aer 

8 uſed; theſe, where the Micrometer after the 
| þ| Star had paſt the Meridian, upon repla- 
; 3 cing the Point under the thread, ſtood at 
W or leſs of what it had markid be- 
1 fore. This difference is ſo ſmall, that there is 

no doubt left of the Accuracy of the Opera- 
tions. 


I make no allowance for Refraction; for 
| if there is any at all ſo near the Zenith, it 
1 muſt be imperceptible, and cannot effect the 


q preſent Caſe. 
„ U. 

i Determination of the Degree of the Meridian 
4 which cuts the Polar Circle; 
Fl WE ſhall then take for the true Ampli- 
Eh tude of the Arc of the Meridian between the 


N Paral- 
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Parallels bf Kittis and Torneg, 57. 28% 67 
being a Mean betwixt the two foregoing. 


And this Amplitude, compared with the 
length of the Arc qp; which (page 123.) is 
55023, 47 Toiſes, gives for the /ength f 


"the Degree of the Meridian which cuts the 
Polar Circle 57437,9 Toiſes. | 


IV. 
Remark ao tbe Degree Wr by 
7, M. Pieard. 


THIS Degree i is longer by 377,9 than 
that which paſſes commonly for the Mean 


Degree of France, rated by M. Picard at 
; $7060 Toiſes. But if M. Picard's Degree 


is corrected by making the proper Allow- 
ances, firſt for the Aerration of Light of the 


Star in Caſſiopera's Knee, by which he de- 
termined his Amplitude, taking for the 


middle times of his Obſervations the 1 5th 


of September, and the 15th of October, there 


will be, on this account, 8“ to be added to 


the Amplitude of the Arc between Malvuoi- 
fine and Amiens. And if there is further 


added 101 for the Preceſon of the Equi- 


noxes, and 1 for the Refraction, all which 


he had neglected, his G en will become 
1 
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1.23, 6/7. And comparing it with his 
Arc of 788 50 Toiſes, the Degree of the Me- 
ridian near Paris will be 5692 5, 7 Toiſes, 
ſhort of ours by 5 12, 2. 


i IN fine, If Mr. Bradley's Theory is ſet 
; 1 aſide, and the Stars are ſuppoſed to have no 
other Change of Declination but what ariſes 
, from the Preceflion of the Eqinoxes, our 
} Amplitude by the Star ꝙ (page 1 59.) would 
be 57. 25",07, and by the Star æ& (ibid.) 
57'. 25”,00. Whence our Degree would 


1 be ſtill longer than it is in Mr. Bradley $ 
1 Hypotheſis. 

1 4 

e '4 | V, 

Wo CoNCLUSION. 

4 | THE Degree of the Meridian which 
1 cuts the Polar Circle being longer than a- De- 
N gree of the Meridian in France, the Earth 
q is a Spheroid flatted towards the Poles. 
1 $4 - — 

» i 8 86 

1 

2 i 


9 
* 


M2 CHAP; 


£ 'J 


1 64 * 4 Degree the 11 nie, 


142 21) I 997921 


E 


144444435 eee, | 
HA 


. 1 


oy Method ” determine the Ra if 
the Earth from the Lengths. of tu 
Degrees of ns ow why 


oz 3 


F the Length of two „ different * 
f the Meridian is meaſured at two dif- 
ferent Places of known Latitudes, the Fi- 
gure of the Earth may be determined: Of 
which Problem you have the following So- 
lution; with a Formula expreſſing the Pro- 
portion of the Earth's Axis to the Diameter 
of the Equator. 1 =o 


i "Brolin. 


Nis HO as Latitude of ty Degrees 
: of .the Meridian being given, to 5 the 
Figure of the Barth. 


Fig. 17. Conſidering the Earth as a Solid W 

ted by the Revolution of an Ellipſe upon its 

Axis, from which it very little differs, let 
the Elie PA 5 repreſent a Meridian, 

hoſe Axis is Pp, and the Diameter of the 
| Equator 


meaſured at the Polar Circle 16 5 


Equator A4. Let Be, F n be two De- 
grees of this Ellipſe, or two little Arcs of 


the ſame Amplitude. The Perpendiculars 
to the Ellipſe at their Extremities will meet 


at points G and H, making the Angles at 
.G and H equal. And the Latitudes of 


theſe two Arcs, or the Angles EK, 'FLA * 


-are given. . 


LET ob be to CA as . CM 


x, EM); the Sine of the Angle 
E KA, that is the Sine of the Latitude of 
the point E, == /: The Sine of FLA, or 


of the Latitude of F., and the Radius 1. 


_ - Put: likewiſe the Arcs E= E, and F/ 
4 ==#. | * 1. | a 17 


'B Y the Property of the Ellipſe y 


— V 1—4 *; E KN 1— 


„ x* 3 and the Radius of Curvature 
EG==F x1—x* +m* x* | and the 


: | Ee Bone of FL and FA are the ſame 
for their correſpondent xs. Now the Sine 


of E K A, to the Radius 1, being / 1:/:: 


1 n I — X* + 1 K : my 1—x*, that 
3 3 1s x* 2 /- _— Subſtituting this 


= ＋ /* * 


Value of x* in the Expreſſions of EG and 


M 3 BS FA. 
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FH, we have EO e 
_ Iz 1 


and FH 1 


— — 
I — $* 4-177 251 And ſeeing 


the Arcs E e, and F Fare of the ſame Am- 


plitude, that is, ſeeing the r G and 


are eie, E: H:: 


Fx TW I x 5* wy or, "by Seeg 
the Root. 

— — — 
Ex IHA -—-Ix/* * — A- &c. 


e e mart n 
FIA XN e E — 11 
&c. f 


" BUT the Spheroid of the Earth being 


very little different from a Sphere, the quan- 


tity m*-—1 1 ſmall, and the Terms multi- 


: plied by i you Square in its higher Powers may 


" benegledted. Whence Ex i +4 xm*—1 x/* 
CCC — bpb WAR＋2cFõ — £ | 
= Fx 1+3 x m*—1 xs that is, 


2 E＋TL JX XE = 


2 F 


* 
- 
7 x) ” 


4 _ 
1 N 9 — v 


. 
, 
| 
t 
] 
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2F +3 x m* —1IxF,, Or 1 — n 
" "3 EB—=F 
—q E/ -s 


Or putting D for 


the difference between the Semi-axe and 


the Semi-diameter of the Equator, it is D = 


E—F 8 E—F - 
eee —— | 
3x E/ — F5* . 33 % 0 — 77 


Whence the Species of the Spheroid may 
be eaſily determined, and a Table calcula- 
ted of the Lengths: of a eu for every 
Latitude. 


Coroll, I F one of the Degrees is taken 
at the Equator, the Equation is changed in- 


—__ And if the other De- 
3&7 
Ft . 


gree is taken at the Pole, it is Da I” 


Whence it follows, That the Semi-Diame- 
ter of the Equator is to thrice the laſt De- 
gree of Latitude, as the difference between 
the Semi-Diameter of the Equator and the 
Semi-Axis is to the difference between the 


frſt and the laſt Degree of Latitude. 


to D 
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S een up 
ion For: determining the Height 


be Pole at Torhen rhe "Refrac- 
tion, and the Longitude. 
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2 17 5 A #4 


6 CMS Bu Lr 
ohe; enen of Arcturus, and of the 
Pale: Star, i at Torneã and at Paris. 


ah n at A. Ie 2 | 
ole, of Ar&arus, and the 5162 Star, 


at Tornea., * 


5. B obſerved 5 5 of ths Pole- 
Star, and. of Ardturus from the Ze- 
mich at Tormed and Paris, in order to diſ- 
cover if, at the height of theſe Stars, the 
Refraction at Torged was ſenſibly different 
vail, from 


A*'TIO Ns 


Made 1 me om Circle,” wm 


© OO - , 


ſ 


e 


fm what it is oa ; a the — 
g /&: wh tþe 2 
5 7457 Nu * any; __ roun 
think... io 8 \ 
W-E -had choſe theſe two Stars, becauſe 


the Arc of the ; Merigiap terminated by their 


Parallels was, at Tornea, nearly of the ſame 
height as it Paris, only in an oppoſite Si- 
tuation. Whence, if. the Reftaction Was 
greater at Tornea, this Arc muſt there PPE | 


ſhorter than at Parts. 


cy WY 


BUT it is. found by Obſervation 1 to be 
very near of the ſame quantity at both theſe 
places, The little difference there was, 

made rather for leſſening the Refraction at 
Torneà; but this we, aſcribe to the Errors of 
the Ovation which were not of Au- 
thority enough to eſtabliſh an Inequality of 
Refraction, at that height. 


FOLLOW the Obſervations of theſe 

two Stars, made at Torned with a Quadrant 

of three foot Radius, and at Paris with one 

of 2; ; both well verified by back Obſer- 
Vationg. 


Diſtance 


— - — == \ = _ 
— — . ———— ——_ — 
d 
: 


. __ - 
— 
5 


17 9 Oghervatione 


Diftance of the Pole-Star from the Anh 4 
Torneaà. 


Obſerved in Novem. dies 246, Reduced for 1737. 


0 8 0 i * 


27 Novemb, . . 22 2 FI . „ 22 3 11. 
29 Novemb. .. 22 2 40. 22 3 © 


1 Decemd. 22 2 43. 22 3 3 


Wbence, at a Mean, the di- 
ſtance of the Pole-Star from 
the Zenith of Torneà, in the 


beginning of December 1737, 22 3 — 


Difane of Arcturus inks the Zenith of 
T.0orneà. 


1736 | * * 5 2 „ 8 
26 Novemb. ., 451549. + 45 16 6 
1 Decemb. . . 45 16 4. . 45 16 21 
3 Decemb. .45 1543. 45 16 0 


g Decemb. q 45 15 527 «+ 45 16 92 


Whenee 


1 


Parallels of theſe two Stars, as 
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Whence at a Mean, the di- 
ſtance of ArFurus from the 
Zenith of Torned was, in the 3 
beginning of December 1737, 45 16 9 


Which added to the di- 


ſtance of the Zenith from the 


„„ 4 
Gives for the Arc of the TT 
Meridian terminated by the 


obſerved at Torneo... oy 67-1914 12 


II. 


Obſervations of the ſame Stars at Paris. 


Diſtance of the Pale-Star from the Zenith of 


Paris. 
Obſerved in Nowemb. and Decemb. 1737. 


8 Novemb. . . . 
P 
5 Decemb. 


8 Decemb. 5 
14 Decemb. 


3 


: 7 2 Aprononical eek 07s 


. at a Mean, 8 di- 
ftance of the Pole- Star from 
E of. Paris Was, . 


Dance of An fr Fae Zenith of Paris. 


29 October 1737 - . 

8 November F 
3 R 
24 December . 7 = 


ENS 


r 


Zenith of Paris was, in the 


beginning of December 1737, 


Which added to the di- 


ſtance of the Zenith from the 


J  eraprPR 
Gives the Arc of the Meri- 

© dian terminated by the Paral- 
lels of theſe two Stars, as ob- 


. 28 16 30 
28 16 32 
28 16 44 


t 28 16 43 


Wybence at a Mean, the di de 
ſtance of Arcturus from the 


ſerved at Paris, = * — . 9 


es 8 


1 


EF 


ridian terminated by the Pa- 


F 0 N * Wow W. ns 
a5 2 Polar 8 173 


* * U * | , " 10 , 
o -- : * h * - 2 * 4 1 — 
. 10 * * a 4 1 E * 


The ſame repeated," upon Objernation 7 7A 
Pole· Star in the  lowermoſt point Y.. its 
Circle. 


_ Diftances of the Pole-Star front the Zenith of 


Tornea. 
„ . ow IC YL 1 RIO) 1503 
Obſerved in Nov. and Decemb, 17h - = for 1737. 


26 Novemb. ; 26 14 37. 2 26 14 L 17 
27 Novemb. 26 14 37 . 2614 17 
: Decemb. , 1 06-1908 1c 55,9008 


Whence at a Mean, the di- 82 8 


ſtance of the Pole- Star from 


the Zenith of Tornea was, in 
the beginning of December 5 


„ ö CSI CESS 20 14. 17 
The diſtance of Ardturus 4 


(Page 171.) was LS ee 45 16 9 
E Ks of the Me- 


N 
rallels of theſe two Stars, as 
obſeryed at Tornes, is 0000 2 * 0 71 30 26 


IV, Di: 
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IV. 


or of the Pole-Star from the Zenith of 


Paris. 


| Obſerved in Novees. and Dran. 1737. 


= 


wh * 


FROM which Obſervations it appears, - 


43 13 42 


ELAINE 43 13 41 
enn. 43 13 42 
x 4 Decemb WELD 43 13 47 
19 Decemb. | ..... » + + 43 13 45 
' Whence at a Mean, the di- 
ſtance of the Pole-Star from 
the Zenith of Paris was, in 
the beginning of December 5 
7737, e 13 138 
The diſtance of Arcturus 
(P. 172.) | 28 16 37 
He W. ande of the Me- 
nidian terminated by the Pa- 
rallels of theſe two Stars as 
7 obſerved at Paris, 1 is 2 Jo 20 


N at the height of theſe Stars, the Re- 


fractions 


at the Polar Circle. 175 


fractions at Torneg and at Paris are not ſen- 
ſibly different. 


' BUT, independent of theſe Obſerva- 
tions, we may firſt ſeek the height of the 
Pole at Tornes, ſuppoſing theſe Refractions 
to be equal, which at this height can cauſe 
no ſenſible Error ; and then make uſe of the 
height of the Pole thus determined, to find 
the horizontal Refractions; which if they 
come out nearly the ſame as at Paris, we 


may thenceforth ſafely enough uſe the ame 


Table of Refraction for the greateſt Altitude 
at Torneg. 


— — — . — — A - 


= 


8 — — 
— —— Dr = _ w— "OP 8 
2 — _ 
_ r . 


1 7 76 1 Obſervations 


SYSSISDOSKUOOSS=DDESSOTUSSUSDHO * 


pe H A P. 3 Ns 
Hoh o the Pole at Torted. 
. * De e 


Height of | the Pale, from Obfervatians made 


with the Quadrant of three foot Radius. 


N the beginning of December 1736, the 
leaſt diſtance of the Pole-Star from the 
Zenith of Torn was (page —”_ ) 22 2 45 


- greateſt ( page 173.) 26.1437 
Their Sum . . 4817 22 
Whoſe half. 24 8 41 
3 9 diſtance of the Zenith 
of Tornea from the Pole, 
and its Compliment — — 65 51 19 
will be the apparent height S 
of the Pole. From which 
ſubtracting a Mean between 
the Refractions at Paris, as 
determined by Mr. Caffint 
and Mr. de la Hire, vin. © o 29 
— -- ow < + + 65 50 50 


for the height of the Pole at Torned, that is 


bor the ſouthermoſt point of the Arc which 


ve meaſured, 
II. Height 


5 , 
I 
us; 
* 
— 
8 
1 
. 
1 
* 
8 
4 
"7 
4 
A, 


%E 


* 


99 


W-: 


yy VV. 0 —” BS 


7, 2 
n 


Sn og odor M . 


_— 
aq 


Cw wg gr W darn 54 pert 
; : — 


, Ne 


Hei 22 of the Pole, — Obſervation — 
in the ſame Place hw a ern 77 
tuo ſoot Radius. 5 


The greateſt diftanee of the 1 The leaſt diftante of the 
r from the e [ r from theZenich. 


At Torned 1737. 


6 Jan. . 26 1 210 a 22 32 22 
7 Jan. 1 14 244 12 Jan. 22 2 57 
18 Jan... 22 2 54 


0 nn 22 3 0 
This day the G ; I eat pop dis Ht 4 


inte Hel een 2 
ri fied by back-Ob- — 2. 22 2 57 
ſervation. | 


—_— VS & a”. 


The Means 26 1 14 22 ene 22 2 88 
Sum of theſe diſtances 46 17 20 
whoſe halkllkl . 24 8 40 
is the diſtance of the Zenith of 
Tornea from the Pole, whoſe 
Complement ,..... . +. . 65 51 20 


is the apparent height of the 
Pole; from which taking for the 
Refiactiooe un 0 0 29 


—_— 


remains the height of the Pole at 
Tornea cone . . « Og $051 


N III. 4 


928 = " 28 1 1 0 2 0 a 
1 78 Aﬀtronomical bfervations 
5 We 14 _ 2 a 0550 | es I a 
2 * i 33 SOL * On 404 +: 
- 
A, Remark. INT 


* ; 
JL «xy 30% 1 4 1 
I > F 


£4 43 


ALTHOUGH: theſe mae of the 


Pole in the two laſt Articles coincide, yet you 
may obſerve there is a difference of 14 in 


the diſtance of the Pole-Star from the Pole, 


as there marked. Which makes me ſuſ- 
pect there have been ſome Errors in the 
Obſervations that have compenſated each 
other. This might be partly cauſed too, 
by the Preceſſion of the Equinoxes and the 
Alerration of L in the interval of the 
Obſervations. 9 


WE may then bike for the height of 
the Pole at Törns. . 65% 500. 50“. 
exceeding what Bilberg found it to be by 
8, and by 11“ what he ought to have found 
it, if he had made the proper Allowances 
for the obliquity of the 9 Faral- 


lax, and en, 


AN ſeeing his Obſervations gave him 
an Altitude of the Pole fo wide of the 
Truth, we need not wonder that he fell in- 


do ſtill — Errors as to the Ręfuction; 
1] | which 


5 „ * 88 
4 = r 


r I 3 7h WOE Tara. 1 m7 Tan PA EET Tf N 
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t1 


aàt the Pilar Cirtl.. 159 
hich os hitherto been imagined to be al- 
moſt the doubis of vrhat it is at Paris. 


J. HE Amplitude of our Arc between 


Forned and Nittis being (5. 162.) 57 28,7 
the height of r _ Wn Kir- 
tis will de oy, 66 48 18,7 


for which ve dan ko 1 . 0 we 20 


* — | $4 


ESEEELEE BE EEE: 


0 N A P. m. 
Wade Altitude: of the Sun. 
1. 


Meridian Altitudes of the upper Limb of the 
Sun, objerved at Tornea, at the extremity 
of our Meridian Line, with a Vadrant of 
three N Radius 1736. 


"E placed, in a little Obſervatory 
built on the River, the Inſtrument 


we had made uſe of at Kittis to determine 
the poſition of our Triangles with reſpect to 
the Meridian Line, (vid. p. 109.) 


THE 


N 2 
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r e 
T H E Teleſcope of this Inſtrument 
moved-about its Axis, exactly in the Plane of 
the Meridian; and if it chanced to be put 
out of this poſition, we reſtored it by 
means of an Object placed at about half a 
League's diſtance in the Meridian Line. 
The Altitudes were taken in the Moment 
the Sun paſt the Centre of this Teleſcope. 


4898 


26 November 1730-,+- + 18734 23 | 


27 November Ae lewis ' 4184 30 


N „ein- e n e 142. - 


3 December 2 31 © 
December 1 56 51 


II. 


Meridian Altitudes of the Upper Limb of the 


Sun obſerved in the' ſame place, with a 
 » NLaadrant of two foot Radius, 1737. 


| 5 January 1737 + + + + + 2,9 32 
7 January . /. 322433 
9 January . . ,.. 237 26 

12 January {Ig 3 426 
e 1 
— „VI 29 


"at the Polar Circle. 181 

ON che azad the Quadrant was verified 
by back Obſervation, and afterwards uſed to 
take the horizontal Angles. 


III. | 
Meridien Attitudes of the Sun's upper Limb 
at the verfal Equinox. 


WE verified once more the Quadrant of 
three foot, and obſerved the following Me- 
ridian Altitudes of the upper Limb of the 
Sun. 8 


15 Mach 1737 . . . 22 26 16 
16 March pI 
| | NEE OPEN (307 
| ____ CPS PRST oo. A 
1 , £44245 
a3 March... . © . -. 24/22 35; 
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e H A, P. W. 
e of the RefraSions. 
4 2 8 001 { {Ei 10 | 
\H E bollovidg Calculation ſuppoſes N 


N the e of * Toms as A P- 
4 2 . 


TH E finding the! Refraction by the 
Meridian Altitudes of the Sun "TFT like- 
wiſe, to be given, the Ełvatian of the Equa- 
tor, the Obliquity gf tbe Ecliptic, the * $ 
0 Fleet, and ts Parallax. 


I put the Elevation ge the - + +5 
"Equator ne 2.10 
the Obliquity of the Ecliptic . . 23 28 20 
the Parallax according to Mr. Caſſini; and 
the Sun's place, from Mr. de Louville's Ta- 
bles, reduced to the Meridian of Torneg, 
which we know to be nearly 1", 23 Eaſt of 
Paris. And an Error of a few Minutes 
can here be of no. conſequence, becauſe, at 
the time of our Ohſervations, the Sun's 


daily 


The Sun's Semi-diameter to 


Whence the Refraction at 2 


at the Polar Circle. 183 


an Change of Declination i is inconſide- 
rable. 


jo 
The 1/t of Decemb. 1736, at Noon. 
The South Declination of tge + ” 


SN 421 55 21 
The Eelvation of the Equator 24 910 


er eee the. 4 
„„ e 140 
The Parallax to be ſubtracted 0 0 10 


Leaves the true height of the 
Sun's Centre at Tori 


* 
0 
— 
Wo 
© 


be added 016 19 
Gives the true * of the pn 6 

Sun's upper Limb 2 29 58 
But the ſame height v was * 

Obſer vation . 245 42 


apparent height of 2. 46. is o 15 44 


III. The 


1844 Aftronemic ö 155 4 OBfepv hnrts 
. 34% Decemb: 756 at N. 
The South Declination of the 1 


* * 
gun at Tarnes. HT 44> 22 12 46 


* 1 


The Elevation of the Equator | * — 9 10 
Whence the height of the Bo TIT. 


Centre i IO INT 1 56 24 


The Parallax to be ſubtracted 0 0 10 


Leaves the = height of the 2 . Ty 
_ Sun's Centre at Tornea N 1 * . 1.36 14 
The Sun's Semi- diameter 1 
added 32016 20 
Gives the true 10 of * * 7 
Sun's upper Limb 239 22 2 


But the ſame height x was s by ew 
Obſervation n. ISAT - Q 


Mi... 
LY 


Whence the Refraction at the”, > 
apparent height of 2% 31. 018 26 


„ 


IV. The 


n 


n 2 | * Ne 1 ? 1 — N = 


? 
5 
+ 
L 
8 
55 


8 ” _ * 
at ile Polar Circla. 185. 


The. 8th of Decemb, 1736, at Moax. 
The South. Declination of the 3 


„ 22 48 33 
The Elevation of the Equator -4.y 0 10 


Whence the height of. the Sun 8 7 | hd 
<Not 2 1 20 37 
The Parallax to be ſubtracted. + + ©. 0 0 10 


Leaves the true height of the 
Sun's Centre at Torneg'. . . . 120 27 
The Sun's Semi- diameter to be NON 
„ 


Gives the true height of the 
Sun's upper Limb ........ 1 36 48 
But the ſame height was by 
Obſervation... on. r 56 51 


Whence the Refraction at the 
— height of 1*. 97% 0 20 3 


v. The 


x86. Areuomical Objerwations 


* 855 1 Wee 1737, at Ms, ; 


The South Declination of S * 
o 22 35 63 


| 7 


The Elevation of the Equator , « 24 910 


——— 999 


Whence the height of the Sun's 


Ms aint a ates +. £53.97 


wks 


The Parallax to be ſubtracted 10 


4,9. 


Leaves the true height of b 3: 
Sun's Centre at Tours. 1 33 * 
The Sun's Semi-diameter te be 
L a 400 16 82 
Gives the true height of the 5g 
Sun's upper Limdd . .. « 149 29 
But the ſame height was by 
Obſervation. , 2 V 2 9 32 


Whence the Refraction at the 
apparent height of 25. 914 . 0 20 3 


. 


VI. 
WE have here choſe * leaſt Altitudes 
of the Sun, to calculate the Refractions 


and compare them with thoſe at Paris for 
the 


FF 


the ſame Altitudes, according to Mefſ** 
Caſſini and de la Hire; and do not find 
thoſe of Torne fo much different aggto i ins 
fer an Inequality of Refraction at Torneg, 
and at Paris. | ry 


AND if the Refractions are very much 
leſs at the Equator than at Paris, we may 
at leaſt be very ſure that their Increaſe 
from Paris to the Polar Circle is very in- 
conſiderable ; contrary to what has been 
hitherto thought, that they were twice as 
great at Torned as at Paris. 
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Determination of the Nefracri ions pon 
EKittis nc Venus Inoccidua. 


N * A 


by. "ey 50 0 
\ \ Eh 5 Sector, upon this Subject, | 
ſome fingular enough Obſervations | 
upon the Planet Venus, which for two Months 
together appeared always above our Horizon. 
We obſerved her firſt at Kittis with the 
WE of 3 f. ain well verified, 


Meridian Alitudes 3 Ve enus upon Kittis 


I con by the Peau. 
'To the North. 15 & 80“ 
n Morn. 058 =... O 58 21 


Gth | of D-n TÞÞ's . 111 44 NM. 
* | » . g MN 25 8 2 21 26 20 


141 <> ' CorreBied by the Refs 
To the South. GI 4 os . 
| inne. 47 17 4 47 17 3 
7th e 


Diurnal Motion in Decluain -- MIS 24407 
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WE corrected the Altitudes of Venus, that 
were obſerved to the South, by both Refrac- 
tion and Parallax, putting 15” for her ho- 
rizontal Parallax in the diſtance ſhe then 
was from the Earth. 


W f e 

he. $46. 213341 | 

Calculati on f. the e Refrattions As Rittis, 
From the r ons 7 Venus, 8. 


* o 
13 
5 


Height of the Pole upon Nit I 
(p- 179.) n 664 20" 
Elevation of the Equator 2192 23 11 40 
Meridian Altitude of Venus, the 

6th of April in the Evening. .47 17 3 


— 


North Declination of Venus. 24 & 5 23 
Diſtance of Venus from the Pole, 


the 6th of April in the Evening 65 54 37 


Meridian Altitude of Venus, the * 
7th of April in the Evening . . 47 31 54 


North Declination of Venus. . 24 20 14 
Diſtance of Venus from the I. 2 

7th April | in the Evening. 65 39 46 
Whence the Diſtance of 2 enus | 


from the Pole, when ſhe paſt the 
Meridian to the Nerth, on the 


| 

| 

| 
8 
1 


0 
1 
/ 
; 
14 


TE Mietidun Alok of Pew, 


Ing, as. obſerved and NPR 
by the Parallax, WAS 2 

Whence the nene at the | 
rer 15 * e 24 112 


28th April 1737, in the Even, $1 136 3 * ng 35 20 
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2 of April in the Morning, - 

» 65 473 uf 
deten ber true ** N 


x 1 85 


the 7th of April in the Morn- 


P. | 4 : - % 
- ww, — I — 4 * : . * 
; * *. * : 
5 FeFYv1 q 


Th 2 bene. ar ren. 


1. 


E continued at Tornes our Obſerva- 
tions of this Planet, having for that 
— verified che Quagrant of 2 foot. 


j 


_ Meridian Altitudes of Venus. 


© | , Corredied by the Refrat- 
Tin and Parallax. 


To che South. 5 1 %s 


2 


29th * * ON 7 51 38 1 


Mo 2 1 1 41 
— 4 2 2 1 4 47 . 514 
eie : 2 


. ] ˙w-ij—AA ?ðò ß p ⁵ . 7˙» «8 
mt — —— — & — ee HH 0 kt > ty 


PFF ·¹Ü — N ⁰ YG TS 24 SR ESTAS 75 ** 
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Elevation of the Equator: at Pr 8.858 


doi a, Palin c. 


To the North.” 995 cn 55 the reli, 
: 5» OO > 4 it. 1 | 
PIES 1s 2137 JI4I $1300 ($7356 14) 
1ſt of May R 8 n 3 38 2 
II. 11 


erw of the Refratti ons at Tornes , by 


> me Objervati ons C4 Venus. 


— 


18 


nes « 2 <c 24 9220 
MeridianAltitudeof- 2 the 28th - 
of April n — 35 20 


North Declination f 2 . . 27 26 10 
Diſtance of 2 from the Pole, 


2 8th of April e 62 3 350 
Meridian Altitude of 2, the _ 
of April 31 $8.7 


North Declination of $4. 517 27 28 57 
Diſtance of 2 from the Pole . 6231 3 


Diurnal Motion in Declination, 
from the a8th to 29th April. . o 247 


Meridian Altitude of 2, the 

goth of ri ._. Þ en 4 
Noe 'Dect. f . % JE 
Diſtance of g from the Pole. 62 28 6 


- Bhs | Diurnal 


l N : 


Diurnal Motion 8. 


— A 
ft 2gth t 133 
Dee 2 57 
The Mean of theſe diurnal Mo- 3 
_ 7.7 4 37 0 252 


Whereof one half for 12 3 is 0 126 
Diſtance of Venus from the Pole, Oy 
the 3oth of April, P. M. . 6228 6 
Whence the Diſtance of Venus 
from the Pole, when ſhe paſt the 41175 
Meridian, the 30th of April in 
the Morning 62 29 32 
and on the '& of Moy in the * 
Morning 62 26 40 
Whence her goth dpril, A. M. 3 2118 
— iſt of . A. M. 3 2410 
Merid. Alt. C ＋ = 
of 2, as ob- yoth rr, A.M. 335 14 
ſerved and 
corrected by iſt of May, A. M. 8 38 21 
the Parallax. | wap; 
Whence the Refract. (338 40,13 56 
at the Altitude. . (3 38 ....0 14.11 


at the Polar Circle. 193 

6 H A P. VII. 
Concerning the Longitude of Tornes. - 
3 V E could make no uſe of Fupiter's da- 
i tellites, becauſe at the time we might 


have obſerved him, he was too near the Ho- 
rizon, and always hid in Vapour. 


I. 


WE endeavoured therefore to determine 
this Longitude by ſome other Obſervations ; | 
from which, as here ſet down, it may be 
found out, provided correſpondent Obſerva- 
tions have been made in any Place, whoſe 
Longitude is known. 


Eclipſes of fix'd Stars, by the Moon. 
The 12th of December, 1736, P. M. 
Time by the Clock. 


ks 
| Tranſits . obſerved 
3 aa with the Teleſcope 


moveable on an 
Axis, in the Plane 
of the Meridian. 


11 46 124 an Occultation of the 
O Star 


1156 2 Rige l. 


194 Aronomical Obſervations 
Star i in the Linum of Piſces, which 
ou 115 29 185 true Time. 


AS the Sun rarely appeared, . at 
Noon leſs than a Degree above the Horizon, 
we calculated the Hour by comparing his 


Right Aſcenſion with that of the Stars Alde- 
een and 87 750 


The rathof Ii 1737 P. M. 


This Time. 


IF - 4 20 an Occultation of q of Taurus. 


maꝗtſt of the two Stars of Tau- 
rus, called &. 


The 13th of January, 1737, A. M. 
k 148 200 an Emerſion of Aldebaran. 


WE found theH n by Obſervations of 


thẽ Sun in the egen er * 2th and 
"43 th of January. 


"The 11th o March, ONE P. M. 


True Time.) r 
19 35 g” an Occultation of A ü. 


II. 


10 57-58 an Occultation of the Norther- * 


8 4 


3 1 
p4 


C 8 
* j 2 
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Mer 
A H orizontal Ecli 2 of the EY 
The 16th of March, 1737, P. M. | 


rue Time. N of the 1 Eh HR 


62 55 & of 
25 3 oPrometorionarutumindiſeores . 
28 0 4 56 „ 
28 39 The Shadow touches the Mare 
|  bumorntn.” 
35 9 + © 1 
39. 30 3 29. | 
| 40 20 The Shadow touches Langrenus 
. 43 40 Tycho half diſcovered. | 
4 47 O Mare Nectaris out of the Shadow. 
| +7 30 2 37 
4 49 15 2 SY 
I „ 
|" PIP 1 56 | 
7 2 10 End of the Eclipſe, wick a Tele- 
F ſcope of 7 foot. 
1 2 35) End of the Eclipſe, with 2 Re- 
2 AY oth FTE of 15 Inches. 


III. 
WE have one Obſervation more of a Star 
eclipſed by the Moon, taken upon one of our 
Mountains. 


YA 


I, O 2 The 


EI —— 


9 


2 — 


- - n = — n 4 . o = _ 
of — wa. + — — —_ e f 32398 — Ss ; 
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WII ai 536 A. M. upon Pulling, 


A little before the Obſervation, we com- 
pared-two exceeding good, Watches. 


ub dons h 36" by the Watch R Fe 
* 5 2615 15 *by che Watch Se 4's 


— 


At £5546 42 on the Watch R, an as: | 


ſion of Aldebarin, in ' the en Diſk of 


14 40 


TheWatches of 5 49 iS” "Ba differ. gf 4s” 


compared.) 5 39 15 G 


| Heights of the wþper Limb of the Suh in the 


Eaſt, with the — of 2 foot. 


- £4" +. 16* 200 
G...5 49 22 ; 


R. 4 =D N. 
TIT: "16 oo 

G.—5 54 30 F 

K.. 0 9 20 


Gs 59 32 


Meridian Altitudes of the upper Link of 
c tte Sun. 

The ift of Auge 9 gaftand 10% 

ul Uo! l 0 
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$10 oo 17. 200, 


FROM 


Ls ** n 20 8 ng — 
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at the Polar Circle. x97 


F R OM theſe Obdervations we concluded, 
that the Immerſion of Aldebaran happened 
at 5* 45' 0”, true Time. 


To find the Longitude of Tornes, you 
may likewiſe make uſe of the Obſervations of 
the Sun at the Equinox, (p. 181.) We have 
in our Calculations put it at 1* 23” Eaſt of 
Paris. It may be more accurately fixt 


; when the correſpondent Obſervations are got, 


and all of them 70 50 177 


add aeg 


.CH AP, VIII. 


The Declination of t. tbe Magnetic 
IN, edle. 


HIS Obſervation we made with a 
Brafs Compaſs, 10 Inches in diame- 
ter, by looking through its Sights at an 
Object placed in the Meridian Line of our 
little Obſervatory upon the River. And the 
Mean of our Obſervations with four different 


Q 3 Needles, 


Needles, gave us for the Declination at Tor- 


neg in the e Vear 17%. 89 57 Welz. 


1 Mr. Bilterg, i in 169. 5, had bound lt 7% 
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BOOK III. 
The Meaſure of Gravitation 
at the Polar Circle. 


FULL AELIE] IEICE eee 


CHAP. J. 


07 Gravitation in general 
Wt EVER be 5 Cauſe of Gra- 

vitation, we may conceive it as a 
Force inherent in Bodies, whereby they are 
animated, as it were, and urged to fall to- 
wards the Earth; and upon comparing tlie 
Effects of this Force, when it makes a Stone 
fall to the ground, with what it muſt be to 
keep the Moon in her Orbit, we ſhall find 
by Calculation, that the Gravitation which 
acts here upon the Earth, extends to the Re- 
gion of the Moon, and regulates her Motion. 
As the Power which makes Bodies fall 
downwards, likewiſe retains the Moon in 
O4 her 


200 The\Foree of Gravitation : 
her Orbit, as ſhe circles round the Earth; 


we are led. by Analogy. to think, that every 7 
14 ang. the Sun himſelf, has each 


its Gravitation, producing the like effects: 
that what the Moon is to the Earth, 


that is the Earth it ſelf, and every other 


Planet, to the Sun. A Gravitation towards 
the Sun may poſſibly be the Power that keeps 
them in their Orbits. And indeed the Mo- 
tion of the heavenly Bodies perfectly cor- 
reſponds to this univerſal Law. Such are 
the Effects of Gravitation i in the Heavens, 


IT: would be going too far to mention all 
"its Effects here op, Earth. It is This that 
preſides almoſt in every Phyſical Operation; ; 
and while the greateſt part of Machines are 
_contrived to ovei come it, it is the Agent that 
e motion to the reſt. 


Wi we are ignorant of the Cauſe of Gra- 
vitation, as probably we muft ever be; we 
: know however one of its moſt eſſential Pro- 
ertles; that it is diffaſed through all Bodies 
n prof ortion to their quantities of Matter; 


. each article of the Body ſharing an equal 
f portion of whatzver Cauſe i it is that makes 


Gall ini 177 


7 13681 


4 
. 
. 


HERE 


o 


* . munn 201 
76A od) bnuct 221011 id 
HERE we muſt 190 Amin be- 


75 the Grabitatiom of a Body, and its 
Weight. Gravitationis that Force, conceived 
as diſtinct from the Body, which animates 
and urges every one of its parts to fall; 
wheuce it häppens, that, abſtracting from 
the reſiſtance” which the Air makes to fall- 
ing Bodies, a great Body falls juſt as foon, 
and no ſooner, than tlie ſmalleſt of its parts, 
if it were detach'd from it, "and, fl alone 
from the ſame height. 5 


GRAVITATION in a great Body is 
no greater than i in a ſmall. The F Cate is dif- 
ferent as to Weight; that depends not only 
upon Gravitation, but likewiſe upon the 
quantityof Matter of the Body. The Weight 
increaſes in proportion to the Body ; it is 
the product of the Gravitation and the quan- 
tity of Matter. 7850 


BUT is Gravitation the ſame all the Earth 
over? Will it every where make Bodies fall 
from the ſame height in the ſame time? A 
very little attention ſerves to ſhew, that this 
Queſtion is not to be reſolved by weighing 
Kan and the fame Body in different places. 


In 
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2 02 The Foree of. Gravitation 
In the place you carry it to, Gravitation will 


equally affect the Body it ſelf and the Weights 


von compare it with: And that which 
weighed a Pound at Paris, Will e the 
kme any where elfe. as 


$ fo 


nur a Pendulum that ſwings freely, 
ſuſpended by a Thread, or by an in- 

flexible Rod, moves with a determinate Ve- 
locity which depends on the length of the 
end lum, and the Force of Gravitation to- 
gether. And if trial is made with ſuch a 
Pendulum, keeping its length exactly the 
fame in the different laces, . there can no 
difference happen in the velocity of its Vi- 
brations, but from A difference of Gravita- 
tion. For the different Denſity or Elaſticity 
of | the Air will here produce no ſenſible ef- 
fect; eſpecially if the degree of Heat in the 
Countries where the Experiments are made 
is the ſame, which is exactly enough known 
by a Thermometer. If, in the Country 
where the pendulum ſhould be carried, the 


. Gravitation ſhould be greater, its Vibrations 
Would be quicker ; and if it was leſs, they 
would be more ſlow. This laſt i is that Phe. 


nometion which was firſt taken notice of by 


Mr, Richer, | in the Iſland of Cayenne ; and 


1121 : | one. 
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ene of the nobſeſt Diltoveries in Natural 
Philoſophy it is. Bodies were found to 
\weigh lels at Cayenne than at Paris; and 
ſoon after a very probable Laufe of this Phe- 


nomenon was aſſigned. 


ALL Bodies that have a cirtular Motion 
make a continual Effort to teeede from tlie 
Center, This Effort ariſes from à certain 
Force there is in Matter, hereby it endea- 
vours to continue in its preſent State, whe- 
ther of Reſt or Mötion. Now as a Body 


revolving i in a Circle deſcribes in every In- 
ſtant a Particle of the Circumference, which 
may be confidered as a Right Line, it muſt 
in yt Inſtant be making an effort to go on 
in the directibn of that Right Line; and 
from this Effort is produced what is called 
the Body 8 Centrifugal Force. 


IF the Farththen revolves about its Axis, 
each of f its Parts endeavours to recede from 
its Centre of Motion; and the greater the 
Circle is which the Part deſcribes, that'is, the 
yearer it is to the Equator, the greater will 
this Effort be; and as it tends to throw off 
Bodies from tlie Earth, that is, as its Direc- 


tion is oppoſite to that of Gravitation, it muſt 
deſtroy 
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deſtroy ſome part of it; 0 and ſo much the | 


more, as the Body is near the Equator. If 
therefore the Primitive Gravitation, which 
I ſhall call Gravity,” to diſtinguiſh. it from 
Gravitation as diminiſhed by the Centrifu- 
gal Foree; if, I ſay, Gravity were abſolutely 
equal every where, yet the actual Gravita- 
uon of a Body muſt: be leſs towards the E- 
quator; and increaſe towards the Poles ; 
where at laſt it ſuffers no more any diminu- 


tion from the Centrifugal Force, becauſe the 


Poles are no wiſe r we a. AY Re- 
volution round its. Axis. 5 


EHI & Theory of Gravitation is extremely 
probable, and has been confirmed by all the 


Experiments that * been een near the 


Equator 00 


YET, before our 3 to — Nen, 
it was not perhaps abſolutely ſure that o 


vitation was thus regularly diminiſhed in gon 


ing towards the Equator, although the Ob- 
ſervations made in America all gave ſome dis. 
minution. The phyſical Cauſe of Gravi- 
tation being unknown, it might ſtill be 


doubted whether ) the diminution , obſerved : 


was Owing to the primitive Gravity its being 


"3 6 


2 


n-. 
56 * 


impaired by the Centrifugal Force, or whe- 
ther it might not have ſome particular Cauſe 
combined with the Centrifugal Force: it 
might even be queſtioned whether the primi- 
tive Gravity itſelf was not ſubject to regular, 
or perhaps irregulat Variations. The rather, 
that ſome Experiments made by able enough 
Artiſts, ſeemed to give colour to theſe Su- 
ſpicions. Mr. Picard had not found his 
Second - Pendulum longer in Denmark than 
at Parit, nor even longer than in the Souther- 
moſt Parts of France. ©... 101 


IN ſhott, hitherto the only Proof of this 
Diminution was from Experiments made, 
towards the Equator indeed, but in places 
too little diſtant from each other to found 
an unexceptionable Proof. 


TT were to be wiſhed that trial were made 
in the Eaſt- Indies, at the Latitudes of Cay- 
enne, S. Domingo, and Jamaica, whether 
the diminution was there the ſame as in A. 
merica. But nothing could be more proper 
for the deciſion of this i important Point, and 
for Natural Philoſophy in general, than the 
obſerving the Gravitation of Bodies in the 


moſt Northern Countries, eſpecially after 
é the 
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the Doubts that M. Picards Experiments 
in Dennark bad rail 


LE. it Nill be bee » whis Aiſtine- 
on I make between Gravity and Gravitas 
tion. © Gravity is that Force whereby a Body 
would fall to the Earth, ſed at reſt: 
Gravitation is the ſame ' 


nut, diminiſhed, and confounded with the 
Centrifugal, which we can meaſure by our 
Experiments ; but if we are well acquainted 
with.it, we may come at laſt to diſtinguiſh 
what of the Primitive Gravity remains, and 


what has been deſtroyed by the Centrifugal 


F orce. 


HITH ERTO this Subj ect has been en- 
quired into with no other view than to de- 
termine the Figure of the Earth from the 
Equilibration of its parts. But the 'Theory 


of Gravity ſerves to much greater purpoſes | 


| than this Determination. 


I F the Primitive Gravity were known, 
it would not only determine the Figure of 


* the Earth, but demonſtrate i its Motion round 
its AIR | 


ON 


orce; but di- 
miniſhed by the Centrifugal. Tis only this 
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ON the other hand, if we take the Mo- 
tion of the Earth for granted, as I believe 
there is at preſent no Philoſopher that calls 
it in queſtion; and if its Figure is otherwiſe 
known, the different Gravitations will diſ- 


cover ti quantity af nn e 


the en Places. 


HEN >d NCE . it may be 33 
whether, notwithſtanding the differences ob- 


ſerved in Gravitation, the primitive Grayi ity 


be every where the fame and tends to a 
Centre, as Mr. Huygens ſuppoſed; or if it is 


different in different Places, and depends 


upon the mutual Attraction of the parts of 
Matter, according to Sir 1/aac Newton; whe- 


ther it varies according to any other Law, 


and to what points it tends. In fine, the 


Knowledge of Gravitation towardsthe Earth, 


may open the way to that of univerſal Gra- 


 vity, the principal Agent in the Machine of 


the Univerſe, 


CHAP, 
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Paving made at Pello, upon the 
eee =o 1 | 


[TE had reſolved to make our Experi- 
ments upon Gravitation as near the 


Pole as poffible ; and for that P choſe 
Pello, whoſe Latitude is 66" 48. 


T HESE Experiments, which elſewhere 
would be eaſy enough, were in this Country 
attended with very great difficulties; and 
without an extraordinary care to maſter 
them, one ſhould find himſelf very much 
out in his Reckoning. The great humber of 
Experiments we made, and the great num- 
ber of Inſtruments we uſed, have taught us 
what cloſe Attention muſt be had to the 
ſmalleſt Circumſtance: and if ever any after 
us ſhall undertake: ſuch Experiments, and in 
ſuch a Country, they will be ſenſible how 
_—y all our Caution was, and how per- 

E tinent 


an 
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| ax the Account is that Iam now to 


Ive, ; 
8¹ eee 
| * | 


'T WAS theſe fame Difficulties that hin- 
dered Mr. de 1 Croyere to make his Experi- 
ments at Kola and at Kilduin, and forced 
him to give up the Advantages of this Coun- 
try, for the Convenience of making them at 
Archangel, farther from the Pole. For us, 
we were ſo many, and ſo well afliſted, that 
we were able to get over a great many Ob. 
ſtacles, and to purſue our Reſolution of ex- 
amining the Gravitation of Bodies in the 
frigid Zone; i 


AN b itis the ſingular Advantage of theſe 
Experiments, that they were made nearer 


the Pole than any ever were, without having 


at all ſuffered in point of Accuracy, either 


from the Rigor of the Climate, or any other 


of the Difficulties we bad to ſtruggle with. 


> 4 3 
TIE Inſtrument which we uſed for diſ- 
covering the difference of Gravitation at Pello 
and at Paris, is a Clock of a particular Con- 


ſtruction, invented by Mr. Grabam, on pur- 


poſe tor ſuch Experiments. 
P THE 


= Mt — — ZE bh. 
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TH E 8 is compoſed of « a "han 
Bob, of the ordinary Lenticular Form, fitted 
to a flat Braſs Rod. This Rod is terminated 
a· top by a piece of Steel perpendicular to it, 
whoſe. Extremities , are formed into two 

Edges, that, inſtead of going between two 
inclined Planes or two Cylinders, reſt upon 

two flat pieces of Steel, lying both in the 
ſame horizontal Plane. The Situation of this 
Plane is juſt, when the Extremity of the 
Rod anſwers to the Point o of a Limb, in 
whoſe Plane the Pendulum moves, and 
Which meaſures the Arcs deſcribed. 


THE whole Inſtrument is. incloſed in a 
very ſtrong Caſe ; and when it is removed, 
the Pendulum i is ſcrewed up by means of a 
Frame, ſo as the Steel Edges do not bear on 
any thing; while the piece of Steel whereof 
they are formed, is ſupported on either ſide 
of them. 


WITHIN the Box, there is applied a 


piece of Wood hollowed, to receive the Bob 
of the Pendulum, and ſo ſecured by another 
piece that ſhuts over it, that neither the Lens 


nor che Rod can receive any motion. The 
only 


* 
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only liberty the Rod has, is to lengthen and 


contract itſelf as the Heat or Cold requires; 3 
in this peer nothing confines i it. 


THE Lens is 6 inches 104 lin. in diame- 
ter, and its thickneſs at the Conia 2 inches 
4 lin. The Weight that gives motion to the 
Clock! is 115. 14% Ounces, and is wound up 
once in a Month. And laſt of all, there is 
fix'd within the Box a Mercurial Thermo- 
meter, in which the Point of boiling Water 
is marked o, and the Numbers of the Di- 
viſions increaſe with the Cold. Mr. Graham 
ſent us, with this Inſtrument, an Account 
of the Experiments he had made with it at 
London ; wherein he tells us, that when the 
Thermometer was at 138, the Clock gained 


upon the Mean Time 4 4” in a Day; that 
when it was at 127, it gained 30 59. And 


thus a difference of 11 Diviſions in the 
Thermometer produced the difference of 65 
in the Motion of the Clock. 


WITH the ordinary Weight, it de- 
ſcribed Arcs of 4 20; with half that 
Weight it deſcribed Arcs of 3? O,; and 
theſe great Differences in the Weight and 
Arcs produced in the going of the Clock, 

P 2 only 
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only a Difference of 34 or 4 in a day. But 
ſo much faſter did the Clock 80 when the 
ſmaller Arcs were deſcribed. | 


ONEn may ſee * this how little this 
Clock will be affected by ſmall Differences 
in the Weights or Arcs, and conſequently by 
the different Tenacity of the Oil; and how 
far one may be aſſured, that its Acceleration 
from one Place to another is the Effect either 
of an Increaſe of Gravitation, or of the Cold 


ſhortening the Rod of the Pendulum, 


r 
PEL Lo is a Village of Finlanders, as 
you go up the River of TJorned, agreeably e- 


nough ſituated upon its Banks. The Art 


of Maſonry is there abſolutely unknown. 
Our Lodgings were ſmall Hutts built of 


Wood, but had nothing of that Solidity 
which our Experiments required, Where 


there are wanted che very firmeſt 1 


' TOWARDS the end of Summer we 
had cauſed to be built in one of our Rooms, 
a great Pillar of hewn Stone; its Thickneſs 
6 foot by three; in which we had faſtened 
ſeyeral pieces of Iron to ſupport our Tele- 

| {cope 
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ſcopes and Clocks. To this Wall, which 
was by this time well dried and ſettled, we 
fixed a Teleſcope pointed to Regulus, very 
near his Paſſage in the Meridian ; and hay- 


ing placed the Clock. with all pr 


G 


RE GUI Us paſt by the Vertcial Thread 
in the Focus. 


pv 

The zd of April at 80 3 5 13'3 by the 

3 8 36 14 [Clock, 
r 


FROM theſe Obſervations, the Pendu- 
lum from the 3d to the 4th, had gained 


upon the Revolution of the fixt Stars 1 2 3 


and from the ah to the 5th, a4. 


IV. | 
WE were ſenſible that this Inequality 
in the Clock's Motion proceeded from the 
different degrees of Heat and Cold; and 
that, though: the Room was as cloſely ſhut 


as it was poſſible in this Country, yet the 


different Temperature of the Air would de- 
P 3 {troy 
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ſtroy all Accuracy in our Experiments. Our 
only reſource was to keep the Clock always 


in the ſame degree of Heat. This was nq 
eafy Undertaking in the midſt of a Cold ſa 


intenſe, and at the fame time ſo variable; 
Day and Night we muſt have our Eyes fixed 
upon the T hermometers, to increaſe the 
Fire, or let in the external Air. Yet by 
extraordinary Patience and Attention we 
overcame all this; kept the Air to a con- 
ſtant Temperature, and made the Clock go 
with as equal a Motion as can be expected 
in the moſt favourable Climate. The proof 
of this was the Experiments themſelves, 
in which the ſmalleſt Neglect _ have 
ſhowed itſelf. 


V. 

"ON the 6th we began to Tegulate the 
Fire, by means of two Mercurial Thermo- 
meters, which we uſed all along in theſe 
Experiments both here and at Paris. The 
one made by the Abbe Nolet, after Mr. 
& Reaumur”s Standard; the biber by Mr. 


Prins. Theſe Thermometers are different- 


ly divided; in the Abbé Nolet's the freez- 
ing Point is marked o, and in that of Mr. 


Prins i it i marked 32? In cither, the N um- 
ä bers 


, 
. 


r 


A 
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bers increaſe with the degrees of Heat, and 
one of the Abbe Notet's Diviſions is equiva- 
lent to very near two of Mr. Prins s. They 
were placed by the Pendulum, and at the 
height of the middle of its Rod; 3, and kept 
continually, for the five.days and five nights 
that theſe Experiments laſted, the Abbe 
Nolet's between 14 and 15 degrees, and Mr, 
Prins s between 60.and 62. 


IT was of ah a the 
Thermometers ſhould be placed not only at 
the ſame diſtance from the Fire as the Pen- 
dulum, but likewiſe at the ſame height; 
for upon lowering them, though at the 
ſame diſtance from the Fire, the Mercury 
would fall con ſiderably. 


* 


THE differences in the length of a Pen- 
dulum ariſing from Heat and Cold, are ſo 
conſiderable with reſpect to thoſe which 


proceed from the Increaſe of Gravitation, 


that without this Attention to the equal 
Temperature of the Air, there can never be 


any tolerable Concluſion drawn from ſuch 


Experiments. 


P4 THE 
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4TH K. cndulum: deſcribing always * 
of 4 10“, that is, 25. 5. on each fide of 
the Limb chat meaſures them, our Obſerva- 
tions after we had regulated the Tem pers- 


— 


ture of the Al, were > WE SOUS. 2 


— Regulus poſed: the Tiread f the Tek eſcope, 


45955. | * | b * _— 
th of w_ G92 * 8 38 1 
. 7951, £92, 0 545 


en 0 48 
= gth "= mY 32 1 8 40 42 x 
10th . 17 73-0 * 8 41 35 


FROM theſe Obſervations it appears, 
that from the 6th to the 10th, the Clock 
had gained 35. 34”. which gives, for its Ac- 
celeration upon one Revolution of the fixt 


n 53 55: 
x | 


E 
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eee 
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F LET made at, Pans with the 


N I, Inflrument 


T Paris, in the fume T emperatory 
of the Air, kept up Day and Night 
by the-ſame two Thermometers we had 
uſed at Pell, placed in the ſame manner, 
the Pendulum ſwinging Arcs of 29. 10, 
on either fide. . 


- Sirius paſſed the . of the Teleſcope. 
"I > 
28thofFeby . .., at 8 45-49 
3d of March 7x8 8 45 24 
_— > —% 
Sw 2 .- +- ' 34449 
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WHENCE in 13 Revolutions of the 


fort Stars the Pendulum had loſt 1. 12",5 
which 
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V E have found 8 ) is at Pello, 
in one Revolution of the fixt Stars, 
| the clock gained upon their Motion 5 1 
and that at Paris it loſtt. 886 
Whence from Paris to Pell the 9 8 

Acceleration S5 „ * ICE. 1 


5D | 
Accehration of the Chck berwern Paris and 
London. | 


2 


Mr, Grabam, upon whoſe b 
we reckon no leſs than upon our own, had 
obſerved at London, that when the Ther- 
mometer contained in the Caſe of the Clock 
wy at 127, the Clock gained upon the 

Mean 


W 


3 


at the Polar Circle. 219 


Mean my 3, 58ʃ. in a day, that is, 2,1 
upon one Revolution of the fixt Stars. 
Now this Diviſion 127 of his Thermome- 
ter anſwering to 14+ and 61 of theſe two 
which we uſed both at Pello and at Paris, 
it is plain the Experiments at London and at 
Paris were. made in an Air of the ſame 
Temperature. The Ofcillations' were like- 
wiſe the ſame, viz. 2. 100. on either ſide 
of the Perpendicular, | Whence the Clock 
having, at London, gain'd upon one Revolu- 
Nn of-the a Stars . þ oo 3,1 
and at Paris having lu. . SS 


the Acceleration from Pati to London 
in one Revolution, We > +> 217 


Wu NZ RASAN A El Nl 34 WW 8 24 842 So SMP WH, HZ NIH, N 


WV V 
DOS ACEC SOIC ROE. 6: CES 


CHAP. V. 
Experiments. made with other Inſtru- 
ments . 


E had another Inſtrument, excel- 


Mr. Sullan be Roy, which, in all the Trials 
we made, was found to go admirably well. 


ALL 


lent for theſe Purpoſes 3 a Clock of 
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Ai. /this dbubtry ng: ab i it were, one 
| Maſs of Iron and Loadſtone, we apptehend- 
ed the effects of ſome Magnetiſm in uſing 
this Clock, whoſe Rod was of Steel. We 
likewiſe wanted to make ſome Experi- 
| ments with Pendulum of different ſpecific 
Gravities, Mr. Camus, wha. joins to his 
other "Accompliſhments a perfect Skill in 
Mechanics, ſupplicd alone whatever we 
could want in a Country that knows no 
other Arts but Fiſhing and Hunting. He 
formed-npon a Turn, five perfect Globes of 
two Inches 4+ lin. diameter, of as many 
different Metals which he bad melted down. | 
Each Globe was paſt through with a Braſs 
Rod, which was eaſily fixt to the extremity 
of another of the fame Metal ; this laſt ha- 
ving been firſt fitted to the Clock. 


2 T was in the time of our moft accurate 
Experiments at Pello, the 6, 7, 8, 9 and 10th 
of April, when the Air was kept Night and 
Day in the fame degree of Heat, that we 
made the Compariſon of the two Clocks, 


Mir, Grabants and Mr. le Roy's. We made 
this laſt go 12 Hours with each of the. five 


TI charging the Weight that gives the 
| Motion 


r 


89 


E e 


47 47 the „ Pola, Ciel. 2 2 1 


Motion Vith as, many leaden Bullet as 
made the Vibrations, always of 30, 55: on 
each, fide. A, Circumſtance ch we N 
wiſe obſerved at Parits; i... 


4 705 wet 


T 11 E Motion of this Clock, py the 
five different Globes, at Pell and at Paris, 


and in the fame degree 0 of Heat, Was as fol- 
lows : — ? 


, s 4 i" \ « L # 
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Ir 12 Hours, by Mr. Graham s Chek. 


8 


At rab. * Paris | 


The Globe of Lead loſt. P 0 145, a os 14 | 
The Globe of Silver loſt. . 8, 42 8 44 


The Globe of Iran loſt ',. 5 29 5 29% 


The Globe of Tin loſt .. 6 6. 6 8 


The Globe of Copper: loſt 6 48 6 50 


T II E difference of * Which three of 


theſe Globes g ive between the Motion of 
the Clock at Fel and here, is not conſi- 
derable. It may probably have been occa- 
fioned by the manner in which the Rods 
of the Globes were fitted to. the Clock. If 
the extremities of the Rods to which the 
Globes were fixed,  miſs'd ever ſo little to riſe 


to the ſame point of the Rod that was com- 
mon 
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mon to them all, ſome ſmall difference ini 
the lengths muſt happen. And How ſmall 
indeed is ſufficient to produce à difference of 

2H This, however; müſt always be a 


Source of ſome little Error in Experiments 
made with Clocks, whoſe Pendulums are 
en off, when api wie” catrictÞ from one 


place to another. G 


| HENCR we may ſee hom proper good 
Clocks are for diſcoyering the Increaſe or 
| Decreaſe of Gravitation. And if it had not 


been actually verified; no body could ever 


have believed, that in theſe Experiments, 
two Clocks of ſuch different Conſtruction 
as Mr. Graham's s and Mr. le "Roy's s are, ſhould 
Id accurately correſpond, In Mr. 2 Roy's, 
the Rod of the Pendulum was fixt to two 
7 Springs, w which might be ſuſpected to have 
different Elaſticities: The Globes differed 
; widely from Mr. Graham s Lens, in-Weight 
as well as Shape ; and the Arc which they 


Lens. 


WE ſhall fay nothing of ſome other 
= Experiments which give. the Increaſe of 
EI Gravitation at Pello ſtill greater than we 


found 


deſcribed was almoſt flonble to that of the 
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found it hy Mr. Grabam and Mr, le Roy's 
Clocks, becauſe the Inſtruments with which 

they were made, are ſo inferior; to theſe 
Clocks that they ought not to be ſo * as 
cOnparen with them! > ac bo 57 
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S HAP. VI. 
Ralacti, upon the Increaſe of . 
| rr ny viren. 955 


1 ' ein. 
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Compariſon of the Hertaſt Gravitation be- 
faveen Paris and Pello, with the ſame as 


 dedlicel, from Sir Iſaac N ewton's Table, 


H E Acceleration from Paris to Pella, 
found as above, is greater by 6,8 
thas Sir Tſaac Newton's Table makes it, (Ab. 
3. Phil. Nat. Princ. Math. ) and conſequent- 
ly, according to his Theory, the Earth is 
litter than he determines it to be. 
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Comparij , riſor the Tncrea e of Gravitation — 
Tueren 271 Es 1th. what reſults 


42.8 42 


W the Experiments "made at Jamaica. 


eee 


FROM Mr. Canplel/s AY at 
e made with one of Mr. Grabam's 
Clocks, d Mr. Bradley has calculated another 2 
Fable, ( "Phil. Tran. N.. 432 * upon the 
Principle employed by Sir Iſaac Newton and 
Mr. Huygens, that Gravitation increaſes to- 
wards the Pole as the Square of the Sine of 


the. Latitude ; and the Acceleration from > be 

Faris to Pella, - 28 deduced from this Table, ou 

exceeds What; we found it to be, by 4” 4 5 to 

1 Da; . 3 or 

. EY, 7 II. een pe 

Cempariſen of the Increaſe, of Gravitation th 

1. 1 t * Mr. 1 s In 

? e. hap . 
I nN in 
'h IN fine, All the hp which ACC 


the Academicians, ſent by the KING tv 
Peru, have made, either at $. Domingo of 
the Equator, conſpire with ours, to make 
the- Increaſe of Gravitation towards the 
Pole, greater than according to Sir 1ſaac 

Newton's 
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Newton s Table, and by conſequence” the 
Earth flatter than he has made it. And all 
of them fall ſo wide of Mr. Huygens's The- 
ory (Diſcours de la cauſe de la Prſanttitr) 
which makes it ſtill leſs, that his Theory 
muſt itfelf be wide of the Truth 


IV. 


Compariſon of the Increaſe of Gravitation Be- 
tween Paris and Pello, with that between 
Paris and London. 


„ Acceleration from Paris to Pelh 
being 59 1. that from Paris to London 

ought to be 9,8. and we found it above, 

to be 7 7. Whether this difference is real, 
or if it is owing to ſome Error in our Ex- 
periments, I leave others to judge. And if 
this laſt is the caſe, how exquiſite muſt that 

Inſtrument be, which, tranſported from Lon- 
don to Pello, from Pello to Paris, and tried 
in theſe three places, is found to agree fo 
accurately with itſelf ?. 


Q-. | ” | V. Cam. : 


ä 


226 The Force of Gravitation 


| V. 
Compariſon of the Gravitation of Bodies at 
Paris to that at Pello. 


T HE Gravitation of Bodies at Paris is to 
that at Pella, as the Square of the Number 
of Oſcillations of a Pendulum at Paris in one 
Revolution of the fixt Stars, is to the Square 
of the Number of Ofcillations at Pello in the 
ſame time, that is, as 10000 to 10014. 


VL 


Length of the Pendulum that fwings Seconds. 


at Pello. 


TO find the Length of a Pendulum that 
ſwings Seconds at Pello, you have only to 
compare the Squares of the Number of Oſ- 
ſcillations made in the ſame time at Pellb, 
and at Paris, with the length of a Pen- 
dulum at Pello, and that of a Pendulum at 
Paris; which laſt Mr. de Mairan, has, by 
repeated and unqueſtionable Experiments, 
found to be 440,57 Lines. And you will 
find the length of a Second-Pendulum at 
Pello to be 441,17 Lines. 


F O L- 
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FOLLOWS à Table, which I have 


calculated, upon the Increaſe of Gravitation 
between Paris and Pello as above determin- 
ed; and upon this Principle, That Gravita- 
tion increaſes from the Equator to the Pole, 
very nearly in the Ratio of the Squares of 
the Sines of Latitude. In this Table, the 
Augments of Gravitation are expreſſed two. 
different ways; by the Accelerations of a 
Clock in a Revolution of the fixt Stars, and 
by the Lengtbenings of a Pendulum that 
ſwings Seconds from the Equator to the 
Pole, 
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of the Place. 


Of the Accelerations of a CLock, and of 
the Lengthenings of a PEN DUL UN 
eum th Eguotor to the Pole. | 


— * l — — 
ACCELERATION||FracTions! 
in one of a Line, 


. and Lines by which 
Revolution the Pendulum is! 


of the fixt Stars. * be lengthened, 
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The Figure of the Earth being given, as alſo 
theProportion of Gravitation at the Equa- 

. tor to that of any given Latitude ; To find 
the Angle which the Direction of the actual 
Gravitation makes with the Direction of 
the Primitive Gravity, or that Point of the 
Earth's Axis to which Gravity tends. 


Er the Spheroid A P ap repreſent Fig. 18. 


the Earth, whoſe Axis is Pp, and 
the Diameter of the Equator Aa. Let the 
Gravity in A, that is, at the Equator, be 
repreſented by A G; and the centrifugal 
Force by A ; then will the Gravitation 
there be repreſented by A H, the difference 
of AG and GH (or of AG and A 
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IN any other place of the Earth D, 
let the Gravitation be expreſs'd by D 7. 
And by the Laws of Hydroſtatics, ſeeing 
the Direction of Gravitation is always per- 
pendicular to the Surface of the Earth, D T 
will be perpendicular to a Line touching the 
eg in D. 


IF upon PD endes, there be taken 


D Z= 2 ES, 2 D Z will repreſent the 


centrifugal Force in P, and its —— will 
be that of D 31 


| DRAWIN G then from the Point 7. 
the Lines TN, TS perpendicular to the 
Axis, and forming the Rectangle DNT S, 


the Gravitation will be reſolved into two ä 


Forces, one acting in the Direction DS, 
which is not affected by the centrifugal 
Force; and the other acting in the Di- 
rection DF, which has been diminiſhed 


by it. 


TH E centrifugal Force hgs taken from 
this laſt the Quantity DZ . 


A C 
which 
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which muſt be reſtored to the Force in the 
Direction D F, in order to find the whole : 
Force of primitive Gravitation in the Direc- 
tion D F. Taking therefore NV = D, | 
and, through V, drawing / O parallel to the {| 
Axis, the Lines / O, 5 O will repreſent the 

Forces which reſult from Gravity. The | 
Diagonal D O, the quantity of Gravity it- | 
ſelf, and the little Angle ODT will be that | 
of the two Directions of Gravity and Gra- [| 
vitation. | 


TH E centrifugal Force at the Equator 
being zr of the Gravitation, we have A 2 
BAE 
S Que AH, and DZ < = 
FOR Tf but: 283 4 C 
TO. Having drawn from a Point infinite- 
ly near D, the Line 4 M parallel to DE, 92250 2A *} 
and from the Point 7, the Line Tr per- 4 
pendicular to D O, we ſhall have by ſimi- 
lar Triangles Dd: Md::TO: Tt, or 
.D FX AH. 
4: = 
2 ofa da 288 AC Seiter 
MAN DFT AH 3 My 
. Nr OS the Sine of the Angle 
7 DO to the Radius D T. Whence we have 
| 22 1 M/ ENA R 
Di 288 D 


the Equation 


THIS 
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T HIS Formula contains the Angle of 


the two Directions of Gravity and Gravita- 


tion; the Latitude of the Place expreſs d 


by * z the Radius of the Equator, and 


the Radius of the Parallel under which the 
Experiments are made; with the Ratio of 


Gravitation at that Place to Gravitation at 
- the Equator. Whence different Theoreme 


may be deduced, for different Suppoſitions | 
of the KNOWN Quantities, 


THE END. 
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